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This chapter contains additional explanations and examples for applications, problems, and
evaluations that were presented throughout the thesis. In particular, Section A provides a more
comprehensive explanation of branch cut issues and why those effect a correct translation be-
tween systems. Parts of this section has been published in a doctoral consortium and the AJIM
journal [2, 5]. Section B provides an overview of the history of math formulae in Wikipedia
articles. This Section has been presented as a poster at the JCDL conference [7]. Section C pro-
vides an example of a proof performed by the theorem prover Isabelle. This example illustrates
the syntax and paradigm difference between Computer Algebra Systems (CAS) and theorem
prover syntaxes. Section D summarizes the discovered issues and bugs in systems and libraries
throughout the development and evaluation of BCaST. Section E provides result and test tables
for evaluations of BCasT (and other converters) on Digital Library of Mathematical Functions
(DLMF) formulae. Section F provides additional tables and explanations for the evaluation of
BCAT on Wikipedia which was discussed in Chapter 5. The sections E and F are parts of the
appendices for TACAS [3] and the TPAMI [4] submissions, respectively.




A Branch Cut Position Problems in CAS

Multi-valued functions map values from a domain to multiple values in a codomain and fre-
quently appear in the complex analysis of elementary and special functions. Prominent examples
are the inverse trigonometric functions, the complex logarithm, or the square root. A proper
mathematical description of multi-valued functions requires the complex analysis of Riemann
surfaces. Riemann surfaces are one-dimensional complex manifolds associated with a multi-
valued function. One usually multiplies the complex domain into a many-layered covering
space. The correct properties of multi-valued functions on the complex plane may no longer be
valid by their counterpart functions on CAS, e.g., (1/2)" and 1/(z%) for z,w € C and z # 0.
For example, consider z, w € C such that z # 0. Then mathematically, (1/2)" always equals
1/(z") (when defined) for all points on the Riemann surface with fixed w. However, this should
certainly not be assumed to be true in CAS, unless very specific assumptions are adopted (e.g.,
w € Z,z > 0). For all modern CAS', this equation is not true. Try, for instance, w = 1/2. Then
(1/2)1/2 —1/21/% % 0 on CAS, nor for w being any other rational non-integer number. The
resulting ranges of multi-valued functions are referred to as branches, and the curves which
separate these branches are called branch cuts. The restricted range which is associated with
the range typically adopted using real numbers, is often referred to as the principal branch.

(z) " 2

(a) The real part of arccotangent with a branch  (b) The real part of arccotangent with a branch
cut at [—ioco, —i] U [i, ic0]. cut at [—i, i].

Figure A.1: Two plots of the real part for the arccotangent function with a branch cut at
[—ioco, —i] U [i,ic0] in Figure a and at [—1, i] in Figure b, respectively (plotted via Maple 2016).
Figure a illustrates the principle branch in Maple, Axiom, or Reduce. Figure b illustrates the
principle branch in Mathematica, SymPy, or the DLMF.

In order to compute multi-valued functions, CAS choose branch cuts for these functions so that
they may evaluate them on their principal branches. Branch cuts may be positioned differently
among CAS [10] as we have seen in the introduction in Table 1.4 of the thesis. This is certainly
not an error and is usually well documented for specific CAS [9, 10, 11, 13, 17, 18]. However, there
is no central database that summarizes branch cuts in different CAS or Digital Mathematical
Library (DML). The DLMF as well, explains and defines their branch cuts carefully but does
not carry the information within the info boxes of expressions. Our journal article [5] provides
a more comprehensive explanation for the different computation results in Table 1.4 in the
introduction of the thesis. If we plot the arccotangent function in Maple and Mathematica in the
complex plain, the different principle branches become visible. Figure A.1 shows both principle

!The authors are not aware of any example of a CAS which treats multi-valued functions without adopting
principal branches.
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Figure A.2: Polar plot for the parabolic cylinder function with z (¢) = 2.5¢? for ¢ € [0, 27].
Subfigure A shows U (0, z (¢)). Subfigure B shows the right-hand side of [12, (12.7.10)]. Sub-

figure C uses analytic continuation to allow computations on other branches.

branch versions according to the different branch cut positioning. While both versions compute
the same values for R(z) > 0 (i.e., for example arccot(1) = % is valid in all systems in Table 1.4
of the thesis), the different sheets for $(z) < 0 are shifted by 7. Figure a visualizes the branch
cut position in Maple, Axiom, Reduce, and the 1st print of NIST’s Handbook of Mathematical
Functions [23]. Figure b, in contrast, visualizes the branch cut position in Mathematica, SymPy,

or today’s DLMF.

Due to complexity, it is also rather easy to lose track of branch cut positioning and evaluate
expressions on incorrect values. A more complex example from [2] contains the parabolic
cylinder function U(a, z). U(a, z) can also be represented by other functions, such as the
modified Bessel function of the second kind K, (). One of these relations between U (a, z) and
K, (z) is given in the DLMF [12, (12.7.E10)]

1
U(0,z) = %K% (4%), for z € C. (A1)

Figure A.2 visualizes the problem of this relation using polar plots, for fixed » = 2.5 in the
polar representation of complex numbers z = re’®. Figure A.2.A draws a path for 0 < ¢ < 27
of U (0, z (¢)). The path is continuous and closed. Figure A.2.B draws the same path for the
principal values of the right-hand side of the equation as computed by a CAS. The function
jumps over branch cuts at the angles ¢ € {7, 7, 37”} Based on the relation above, Figure A.2.B
should yield to the same graph as in Figure A.2.A. The solution for this problem is analytic
continuation which allows computations on other branches. Figure A.2.C shows the right-hand
side of the equation with analytic continuation for K, (z). The orange 7 < ¢ < %77 and blue
%71' < ¢ < 7 paths visualize the respective branches, computed with analytic continuation,
while thered 0 < ¢ < %ﬂ, %7? < ¢ < 27 path is the principal value. These examples illustrate
the issue that a translation from one system to another might be correct on Riemann surfaces
but are invalid due to the limit computation on principle branches in CAS. Strictly speaking, a

direct translation of equation (A.1) to, for instance, Maple is only valid for z € [-F, 7].
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B History of Mathematics in Wikipedia

HISTORY OF MATH WITHIN WIKIPEDIA FROM

2001 UNTIL TODAY

* Wikipedia
launched 2001

* Following the
concept of
free-as-in-freedom

* Community-driven online
encyclopedia

* No TeX support for math
expressions yet

* TeX support
itroduced in
2003

* One can add

math via math-tags using
TeX directly in the Wiki-
text of an article

* Math still rendered as
non-scalable PNG images

* First support of

scalable math in
2016

* TeX input is

converted to presentation

MathML and SVG images

* Conversions are performed

via JavaScript-based Mathoid
that calls MathJax on server

* For the first ime,

math is linked
with semantic
concepts

* Math-tags can be annotated

with Wikidata item IDs

* Annotations are language-

independent since Wikidata
is also multi-lingual

7

* Develop assistant

tools for the

Wikitext editor

to improve the an-
notation process for editors

* Perform annotations auto-

matically via mathematical
information retrieval algo-
rithms

Figure B.3: History of the notation and rendering of mathematical formulae in Wikipedia articles
from 2001 until today. Excerpt of the poster presented at the JCDL conference [7].

Mathematical formulae are an integral part of Wikipedia and other projects of the Wikime-
dia foundation?. The MediaWiki software is the technical backbone of many Wikimedia
projects, including Wikipedia. Since 2003, wikitext — the markup language of MediaWiki
— supports mathematical content [30]. For example, MediaWiki converts the wikitext code
<math>E=mc~2</math> to the formula £ = mc?. While the markup for mathematical for-
mulae has remained stable since 2003, MediaWiki’s pipeline for processing wikitext to render
formulae has changed significantly.

Initially, MediaWiki used KIEX to convert math tags in wikitext to PNG images. The rendering
process was slow, the images did not integrate well into the text, were inaccessible to screen
readers for visually impaired users, and scaled poorly for both small and high-resolution screens.
To alleviate these problems, we started developing a new JavaScript-based rendering backend
called Mathoid in 2013 [30]. Mathoid invokes MathJax on the server-side to convert the KIEX
code to Mathematical Markup Language (MathML) and SVG output. The new rendering pipeline
became available in production in 2016 [29].

To increase the availability of semantic information on mathematical formulae, we implemented
the rendering of formulae in Wikidata — the central structured knowledge base for Wikimedia
projects. The new functionality greatly facilitates the donation of semantically annotated
mathematical formulae for volunteers.

The availability of semantic formula data in Wikidata has thus far enabled several research
projects, e.g., on math question answering [28], semantic augmentation of mathematical con-
tent [25], and mathematical information retrieval [24]. However, the connection between
formulae in Wikidata and Wikipedia had no immediate benefit for the average Wikipedia user
until January 2020. Around that time, we started developing a popup system for semantic
annotated (i.e., linked to Wikidata items) math formulae. This popup system is still work in
progress and is, therefore, more closely discussed in Section 6.3.3 in Chapter 6 of the thesis.

’List of Wikimedia projects: https://meta.wikimedia.org/wiki/Wikimedia_projects
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C An Example Proof by Isabelle

Listing C.1 provides an example proof via Isabelle for the irrationality of square roots of prime

numbers. This example was taken from the top 100 proved theorems?® by Isabelle?.

0 Isabelle’s proof that square roots of primes are irrational

theorem sqrt_prime_irrational:
"prime (p::nat)"

"sqrt p ¢ C"
proof
from <prime p> have p: "1 < p" by (simp add: prime_nat_iff)
"sqrt p e C"
then obtain m n :: nat
n: "n#0" sqrt_rat: "|sqrt p|=m/n"
"coprime m n" by (rule Rats_abs_nat_div_natE)
have eq: "m? = p*n?"
proof -
from n sqrt_rat have "m = [sqrt p|*n" by simp

then have "m? = (sqrt p)2ﬂ<n2”
by (auto simp add: power2_eq_square)

also have "(sqrt p)? =p" by simp
also have "...xn? =pxn?" by simp
finally 7thesis using of _nat_eq_iff by blast
qed
have "p dvd m A p dvd n"
proof
from eq have "p dvd m?"
with <prime p> "p dvd m" by (rule prime_dvd_power_nat)
then obtain k "m=px*xk"

with eq have "p#*n? = p? x k?" by (auto simp add: power2_eq square

ac_simps)
with p have "7
then have "p dvd n

12 = p#k*" by (simp add: power2_eq_square)
2n

with <prime p> "p dvd n" by (rule prime_dvd_power_nat)
qed
then have "p dvd ged m n" by simp
with <coprime m n> have "p = 1" by simp
with p False by simp

qed

Listing C.1: A proof by Isabelle that square roots of primes are irrational numbers.

*http://www.cse.unsw.edu.au/~kleing/top100/ [accessed 24.08.2021]

*The proof and other alternatives come from Markus Wenzel and Tobias Nipkow and is available at https :

//isabelle.in.tum.de/dist/library/HOL/HOL-ex/Sqrt.html [accessed 24.08.2021]

Appendix



http://www.cse.unsw.edu.au/~kleing/top100/
https://isabelle.in.tum.de/dist/library/HOL/HOL-ex/Sqrt.html
https://isabelle.in.tum.de/dist/library/HOL/HOL-ex/Sqrt.html

D Summary of Bug Reports and Fixed Issues

Parts of this section appear also in our submission for the TACAS conference [3]. This section
supports Chapter 5 of this thesis. Throughout the time of this thesis and with the help of
BCaST, numerous of minor and a couple major issues were discovered and reported to the CAS
companies and the DLMF development team. Since we continuously worked together with
developers from the DLMF, constant changes, tweaks, and updates has been implemented.
In this section, we will only briefly cover the most prominent and severe examples that we
discovered over the past years.

D.1 Digital Library of Mathematical Functions

The first error in the DLMF that we discovered with the help of BCaST [5] was the sign error
in [12, (14.5.14)]

Q, /*(cosf) = — <2S7iTH9> e (SV-:_;) 0> . .

This error also appeared in the original Handbook of Special Functions [23, p. 359] and was fixed
with version 1.0.16 in September 2017. An entire group of equations [12, (10.19.10-11)] used
semantic macros incorrectly and therefore yielded to wrong links and annotations visible in
the attached information box next to the equation in the DLMF. In these formulae, P (a) and
Q1 (a) are defined but had been incorrectly marked up as Legendre functions going all the way
back to DLMF version 1.0.0. This error has been fixed due to our feedback with DLMF version
1.0.27 in June 2020. Minor discovered issues include a missing comma in the constraint [12,
(10.16.7)] 2v # —1,—2, — 3, ... which was also missing in the DLMF book [23, p. 228] (fixed
with v. 1.0.19), unmarked [12, (2.4.2)] or erroneously marked definitions [12, (9.10.10)] and
[12, (9.13.1)] (all remain unsolved), and wrong annotations of v as complex parameter and x as
real while real value and positive real, respectively, would be correct in [12, (10.24.4)] (remain
unsolved). Additionally, due to IACasT, the ambiguous semantic macro \Wron for Wronskians
has been revised so that the variable which is differentiated against is precisely specified in 72
occasions [1].

D.2 Maple

Via BCAST, we discovered a bug in Maple’s 2016 simplify procedure. For the equation [12,
(7.18.4)]

n
dz"
where e is the base of the natural logarithm, erfc(z) is the complementary error function, and

i" erfc(z) the repeated integrals of the complementary error function, BCaT correctly generated
the following translation:

(e’z2 erfc z) = (—1)"2”n!ez2 i"erfc(z), n=0,1,2,..., (D.3)

IACAsT translation of equation (D.3)

( (z72) * (z), [2z8(m)] ) = (1)~ (n)*(2) " (n)=* (n) *
(z72)* (n, z)

Redundant parentheses removed to improve readability.
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Maple 2016 falsely returns 0 when we call the simplify procedure for the translated left-hand
side of the equation. Maplesoft has confirmed this defect in Maple 2016 in private communica-
tions [5]. Although an updated behavior occurred in Maple 2018 and 2020, the issue still persists
today”. Maple version 2020.2 automatically evaluates the left-hand side of equation (D.3) to the
rather complex expression

"1 (n LI _ )
— ezBm 212,...,2—k m,mlzlk“"
() (2 (ot

(D.4)

0,5 - . -
<_G%:§ (Z; 0.—1 4n ’ kE n k) 2"k + (1 —n+ k)n—kﬁzn g 1) 2! n+k’
’2

where G (z; ’Zig{’;) is the Meijer G-function [12, (16.17.1)], By, (21, ..., Zp—k+1) the
incomplete Bell polynomials [8], and (z),, the Pochhammer’s symbol [12, (5.2.4)]. For small
n and z, the difference of left- and right-hand side is indeed almost zero up to the machine
accuracy. For large absolute values of z, however, the difference increases quickly. Figure D.4
plots the difference of left- and right-hand side of equation (D.3) for n = 0 and z € [—2, 2]. For

|z| > 4, the difference is already larger then 1.0.

Figure D.4: The difference of the left- and right-hand side of equation (D.3) evaluated in Maple
forn=0and z € [-2,2].

D.3 Mathematica

As we pointed out in Section 5.1.4.1 of the thesis, we discovered some trouble with integrals in
Mathematica and confusing behavior with rational numbers. After discussing these cases with
Mathematica developers, some of them have been confirmed as bugs. Other cases, however,
were the results of our testing methodology. First, we take a look at the confirmed errors. The

3As of Maple v.2020.2.
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most crucial report was about [12, (18.17.14)]

a+/,LL(0¢+M) aL() ) (x_y),ufl

dy. D5
F(a—i—u—i—n—i—l Fa+n+1) ) Y (D:5)

For this equation, we calculated the difference of the left- and right-hand side as usual

G L) (e -y
F(oz+ﬂ+n+1 Foz+n+1) IND)

dy (D.6)

and computed numerical test values for this difference. Interestingly, for rational inputs (frac-
tions) of test values, the difference was zero. For example, evaluating the difference on z, a, p =
% and n = 2 returns zero. However, the same test with floating point numbers, i.e., z, a, 4 = 1.5
and n = 2, result in a fatal segmentation fault® causing Mathematica to crash.

Segmentation Fault Example in Mathematica v. 12.1.1

[1] := = - [((x - y) (-1 + mu)*y a* [n, a, yl)
/ ( [1 + n + alx [mul), {y, 0, x}] + (x~(a + mu)*
[n, a + mu, x])/ [1 + n+ a + mul;
[2] := [expr, {n -> 2, x -> 3/2, a -> 3/2, mu -> 3/2}]
[2] =0
[3] := [expr, {n -> 2, x -> 1.5, a -> 1.5, mu -> 1.5}]

Segmentation fault (core dumped)

This issue was reported’ and later fixed® with Mathematica version 12.2 (released November
2020). The developers told us this issue can be traced back to version 10.4 (released March 2016).

We further identified errors in the variable extraction procedure in Mathematica. For example,

for [12, (24.4.26)]
2

n+1
we expected to extract just n as the free variable. We reduced the issue to a minimal working
example just for the most left-hand side of the equation. Here, Mathematica returned F,,(0) as

E,(0) = —En(1) = ———(2""" = 1) By, (D.7)

the free variable rather than n.

False Variable Extraction in Mathematica v. 12.0

[1] : ¢ [ [n, 01]
[1] [n, 01}

]
s

This particular error was confirmed and has been fixed”. However, since the procedure
Reduce ‘FreeVariables is not a publicly documented function in Mathematica, the method

SA segmentation fault is an access violation of protected memory. For example, an operating system can prevent
a program A to change the memory of another program B and sends a segmentation fault to A. This signal generally
causes program A to abnormally terminate, unless special error handling was implemented.

"Case ID: 4664157

5The fix was communicated to us via a new case ID: 4776927

’Case ID: 4373302
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remain unstable. Especially in mathematical operators with bounded variables, such as sums,
products, integrals, and limits, the procedure tend to generate inaccurate results.

In regard of the outlined issues with the GenerateConditions flag in integrals, most problem-
atic cases were the result of using ReplaceAll to set numeric values for variables. Consider,
for example [12, (10.43.8)]

eixwfzhkl 9—v+1

(L(z) F L—1(z)) F @ - 1T() (D.8)

xT
+t,—v
LAt = -
/06 (1) w1

First, BCAST splits the expression in two test cases by resolving + and F. For the first case, i.e.,
= is replaced by + and F by —, Mathematica automatically evaluates the test expression, i.e.,
the difference of left- and right-hand side of the equation:

T A emxfl/+1 271/+1
(/0 et " 1,(t) dt) - (‘21/_1(1_1/(33) —I,-1(z)) - WW) , (DI

with the GenerateConditions set to None for the integral to

efrV (—x +2v) I, (x) n etV (=1 14, (x) + I,(x))

—1+4+2v -1+ 2v +
el VI, (x) 21—V n 2V\/mv sec(mv) (D.10)
1+ 20 (~1+2)T() 1 (3 -v) T +20)

This happens because CAS automatically perform some computations on their inputs unless we
prevent it (e.g., via Hold). However, evaluating this expression on x, v = 1.5 returns 0.398942
rather than the expected zero. For x,v = %, the return value is infinity (i.e., indeterminate).
The issue was acknowledged by the developers, who explained that the last term causes the

behaviour, because
2¥\/mv sec(mv)
(3 -v)00+20)

is Infinity/Infinity for v = 3/2. A workaround to this issue is to use Limit rather than
ReplaceAll to evaluate the expression on specific values.

(D.11)

Limit Workaround for equation D.9

[2] := N[ [ expr, { [x, 3/2], [nu, 3/21} 1]
[2] =

[3] := [ expr, { [x, 3/2]1, [nu, 3/21} 1]

[3] =0

expr is the input of equation (D.9).

To the best of our knowledge, this issue still persists'?. If this behavior is intended (or even
desired) is up for debate. Yet, it is another characteristic of CAS to keep track of. The same
workaround was suggested for [12, (11.5.2)] and [12, (11.5.8-10)]. In case of [12, (10.9.1)]

1 T

™ Jo

Jo(z) = cos(zcos ) do, (D.12)

1%As of 2021-09-09
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the right-hand side of the equation was evaluated to BesselJ[0,z] by Mathematica for
GenerateConditions -> False. Which is correct. However, without this flag (or set to
None), Mathematica returns BesselJ[0, Abs[z]] if z € R.

Conditional Flag Influence in Mathematica

[1] := [1,Pi]=* [Cos[z*Sin[A]], {6, O, },
-> Falsel

[1] = [0, z]

[2] := [1,Pi]x [Cos[z*xSin[A]1]1, {6, O, }H

[2] = [0, [z]] if ze€eR

While confusing at the first glance, the output is not particularly wrong. Since Jy(2) is even in
the second argument and along the Real line, the absolute value is simply redundant.

In case of [12, (8.4.4)]
'0,z2) = / t~ e tdt = By (2), (D.13)

we have not received any feedback from the developers. For the difference between left- and
right-hand side of the first equation

10, z) — / t~te~lde, (D.14)

Mathematica conditionally returns 0 if #(z) > 0 and (z) = 0. We would expect 0 without
conditions. Setting the problematic GenerateConditions to False returns — In(z).
Second Example of Conditional Flag Influence in Mathematica

[1] := [0,z] - [(t)"(-1)*Exp[-t], {t,z,Infinity}]
[1] = 0 if [z] > 0 && [z] ==

[2] := [0,2z]

[(t)"(-1)*Exp[-t], {t,z,Infinity},
-> False]
[2]

-Loglz]

We noticed that another initial computation hook on the input could cause the issue. For
example, if we prevent instant evaluations on the input via Hold and evaluate the expression
on z = i, Mathematica returns 0. + 0.i. Without Hold, an evaluation on the same value returns
undefined because replacing z in $(z) = 0 with z = i obviously results in an undefined state.
Why Hold prevents Mathematica from ou
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Hold Inputs in Mathematica

[1] := = [0,z] - ()" (-1 xExp[-t], {
t,z,Infinityl}]

[1] = 0 if [z] > 0 && [z] == 0

[2] := N[ [expr, {z -> I}]]

[2] = Undefined

[3] := = Holdl[ [0,z] - [(t)"(-1)*Exp[-t], {
t,z,Infinity}]]

[3] = Holdl [0,z] - [(£)"(-1)*Exp[-t], {t,z,Infinity}
11

[4] := N[ReleaseHoldl[ [expr, {z -> I}]]]

[4] = 0. + 0. 1

All cases were handled by the Mathematica team with the case ID 4664157.

D.4 Wikipedia

Since Wikipedia is a community-driven free encyclopedia, errors do not need to be reported
but can simply be fixed by anyone at any time. Consequently, new errors may be introduced as
fast as old issues are fixed. While we are actively working on a real-time scan of math edits in
Wikipdia (see future work Section 6.3 of the thesis), we were only able to identify one malicious
edit which was fixed three days later. In the Bessel function article, the left-hand side of the

equation
1 ™
Jp(x) = = / cos (nT — xsinT) dr (D.15)
™ Jo
was changed!! to J; W F(x) on November 29th, 2020, and reverted three days later on December

2nd, 2020. So far, we have not detected other serious content errors in the Wikipedia articles

we evaluated. However, several minor issues regarding the notation style has been detected.

Especially a preceding index, such as in 1 F», seem to cause confusions regularly among the
Wikipedia editor’s community. As we describe in the Appendix F.3, the index is often wrongly
attached to preceding symbols, such as =3 (entry 84), x5 (entry 83), and 4 (entry 75). In entry
85, an editor even cut the entire formula into two parts by adding </math><math> in between
to be able to start the expression with an empty base subscript </math><math>_{3}. More
issues like these are discussed in F.3.

Uhttps://en.wikipedia.org/w/index .php?diff=991994767&01did=991251002&title=Bessel _
function&type=revision [accessed 2021-09-09]
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E DLMF Evaluations

This section contains additional tables for evaluations on the DLMF dataset. The first section
shows the 100 samples randomly selected from the DLMF for the evaluation of different KIEX
to CAS translators. The second section contains tables for the symbolic and numeric evaluation
of BCaST on the entire DLMF dataset.

E.1 DLMF Test Samples

This section contains a table with the 100 randomly selected sample equations from the DLMF.
Throughout this thesis, we used these samples multiple times to compare different ETEX to
CAS translators. The Table contains the following information: the linked DLMF label of
the formula (DLMF), the rendered KIEX expression (KIEX), and the results of the translations
by Mathematica’s BIEX import!? function [32] (MM), our machine translation approach (ML)
presented in Section 4.1 in Chapter 4 of the thesis, SymPy’s KTEX import!® function [22] (SP),
and BCasT (LCT).

BCasT was evaluated twice. Once on the generic KIgX expression of the formula (LCTg) and
once on the original semantic KIEX expression (LCTs). Hence, the second run (LCTs) is not
comparable to the previous results but can serve as a theoretical upper limit. On a manually
annotated semantic dataset, the rule-based translator JACasT achieved 51 correct translations
out of 100 which underlines the difficulty of the task. Additionally, BCAST was developed with
a specific focus on the DLMF, which explains the good performance of the first run (LCTg). No
contextual information have been provided to BCasT or any other translator in any way. The
input was the pure KIgX expression from the DLMF.

2ToExpression with TeXForm, https : / / re f erence . wol f ram .com /language / tutorial / I m
portingAndExporting.html#32618 Mathematica version 12.1.1
Bparse_latex, https://docs.sympy.org/latest/modules/parsing.html SymPy version 1.8
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Table E.1: Translation comparison of KIgX to CAS converters on 100 randomly selected DLMF
formulae.

DLMF | KTREX ' MM ML SP | LCTg ! LCTs
15E11 |2 =cospf — 222l X X X X X
1.6.E17 fej X € = €j,€y 3 b 4 3 X 3 ) 4 3 ) 4 : X
1.9.E51 (3000 5 an2™) (520 0 br2™) = 3000 4 2" VX VvV Y
112E16 b, = dpby, X XX X X
21E17 040-27140-2724--- XX X! vV IV

L 0’ R
! B2 aa B3
32E22 ' B= XX X X X
: anl Ap—1 671 :
3 _0 /Bn (6779 3
|z = 2.2+ 1.44011 1973(f — 0.09614 53780) | : = |
33E40 4 0.08865 85832(f — 0.09614 53780) ' X : X ' X ' ¢ ' ¥
| (f — 0.02670 63331) T 3
3.7#Ex19 ' ky = hf(zn + Sh,wn + k1) X X X X X
311#E23XE 1 0 = cprgho + Cprgib + -+ - + cobg ViIX XV ¥V
4.4E5 Lt = 1 X X X vV IV
44E17  limpoee (14 2)" = ¢? X VIX VIV
isinuicosu: V2 sin (uiiﬂ) ‘ ‘ 1
421E1 X XX vV |V
= £V2cos (uF i) AR
4.23.E18 iarccotz:i%w—arctanz X X X b 4 v
433E1 :sinhz:z—l—%?—f-%-i-'“ XXV VvV vV
54E20 | @p = —n+ Larctan (i) + O () X XX X | X
5.6.E2 ()+F(1/x)<2 ./xx b 4 4
7.7.E12 ( )-I—zf( ) = T ([0 T X X X X |V
| 2) XXX |
77E16 | sm(t dt = \fg( ) XXX X 1V
7.104Ex1 | dgy = —72g(2) XXX X v
TABMEXY @, ~ A4 oA X X X! x| X
| 2 Co
8.4.E3 Ayt (%,—z2) = if/;rF(z) X X X' X X
84E13 T'(1—mn,2) =2"""E, (2) XV X X 'V
8.6.E7 T (a,z) = 2% Jo© exp (at — ze') dt X VX X v
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https://dlmf.nist.gov/2.1.E17
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https://dlmf.nist.gov/3.3.E40
https://dlmf.nist.gov/3.7#Ex19
https://dlmf.nist.gov/3.11#E23Xf
https://dlmf.nist.gov/4.4.E5
https://dlmf.nist.gov/4.4.E17
https://dlmf.nist.gov/4.21.E1
https://dlmf.nist.gov/4.23.E18
https://dlmf.nist.gov/4.33.E1
https://dlmf.nist.gov/5.4.E20
https://dlmf.nist.gov/5.6.E2
https://dlmf.nist.gov/7.7.E12
https://dlmf.nist.gov/7.7.E16
https://dlmf.nist.gov/7.8.E2
https://dlmf.nist.gov/7.10#Ex1
https://dlmf.nist.gov/7.13#Ex9
https://dlmf.nist.gov/8.4.E3
https://dlmf.nist.gov/8.4.E13
https://dlmf.nist.gov/8.6.E7
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DLMF | EIEX

‘MM | ML SP | LCTg | LCTs

8.12#4Ex18 ! c3(0) = 5233 XX
8.18.E4 3 aFgy1 = (k+b—al)Fy + kéF_1 3 X 3 X 3
I ooerri/B I I )

Bi(z) = & / exp (46— t) dt .

9.5.E5 : i3 X X
+%/ exp (%t?’ — zt) dt L

9.13E13 ii‘ng“ = 22y XX
22 M (z) + =M, (x) DR

10.18E13 ! , 4 XX
M) = et -

10.19E1 1y (2) ~ \/2171/ (&) xix
: A N

: 4¢ Vi (BIPO) &aw@
YI/(VZ)N_<1 2) ( (1 )Z 2k ] 1

: : vE L pew

1020E5 ! ,( 2 ) ! x ! x !
Bi (vs¢ ) & Bx(¢) Lol

1 + 5 Z 2k R

: Vi k=0 A

1020E43 | jl,, = wa(¢) + AL 4 o (1) XX
Yo (2) == (In (32) +7) Jo (2) L

10.23.E16 o0 X X
‘ _4 S (1) Jak (2) .

| T k=1 k SN
[T @y de =2 (- ) I

10.43.E19 70 P XX
‘ r (%,u + %1/) S

n 1 1

(2 1,2 kak(n + 3) A

i (2) = 3e* ) _(=1) ) L

10.49.E10 =0 (4 ) XX
: aak(n I
H(-D)ge Y —2 -

z | | |

: k=0 {)

10584EX1 + tnm = Jpid VX
105842 | brm = Yy 1 VX
10.70#Ex4 izeros of kei, x ~ v/2(t + f(—t)) ‘ X ‘ X ‘
: 2 o

Ey (2) = — (sin2 (%ﬂy) + 2yz 10082 (%ﬂu) L

11.11.E6 ! g T XX
s 0 (ﬁ)) S

11L11#Ex2 Tar(X) = —m XX
12.104Ex26 | Cs(¢) = X(O)As(C) + A5(¢) + ¢Bs(C) VX

X
X .

b 4

b ¢
b 4

Appendix


https://dlmf.nist.gov/8.12#Ex18
https://dlmf.nist.gov/8.18.E4
https://dlmf.nist.gov/9.5.E5
https://dlmf.nist.gov/9.13.E13
https://dlmf.nist.gov/10.18.E13
https://dlmf.nist.gov/10.19.E1
https://dlmf.nist.gov/10.20.E5
https://dlmf.nist.gov/10.21.E43
https://dlmf.nist.gov/10.23.E16
https://dlmf.nist.gov/10.43.E19
https://dlmf.nist.gov/10.49.E10
https://dlmf.nist.gov/10.58#Ex1
https://dlmf.nist.gov/10.58#Ex2
https://dlmf.nist.gov/10.70#Ex4
https://dlmf.nist.gov/11.11.E6
https://dlmf.nist.gov/11.11#Ex2
https://dlmf.nist.gov/12.10#Ex26

DLMF | BIEX MM ML | SP | LCTg | LCTg

L _3,2 3 ‘ ‘ ‘ ‘ ‘
;/ e 1717720 (a,t) dt Lo ‘
= 2113297 (—a = %) cos ((ia%— %)ﬂ') N :

r 2r+%+ia)
12.14.E22102r+id2r:7 XIX XD X v

(%-Ha) | | | |
13.13.E4 eyzoo . (n!y)”M(a,Hn,m) XXX X LV
13.14.E5 iU(a,b,z) = 3 THW, 1, (2) XXX X |V
Wiet1(2) + (26— 2)Wie (2) R
13.15.E11 ; +(k—p—3)(k+n—73) XX X X v
‘ W1, (2) =0 s ‘

13.20.E6 ia:\/2|/ﬂ—u|/,u XXl/ v v

\ /
145EL PY(0) = [ 2ot

x
x
x
x
AN

‘ MP*J (x) _Mp*u (2)

14.9.E7 }F(”+“+1) I —p+1) XXX X v
! _ sin(um) Pob(—a) ! | ‘
F'v—p+1) ‘

/ Qu (7) Qi (x) dz

_ (p(w+1)—p(A+1))(14-cos(vm) cos(Ar)) 3 1 ] [ ]
14.17.E123 = (= y)()\—f—uc—(l)—sl) : 3 X 3 X 3 b 4 3 X | 4
; tmsin (A — v)m) S R l

D= +v+1)

‘ P Sl (cosh) = 1+47227"2HQSin2 (%9)

‘ 472412) (472432) . 1 1 1 1 ‘
14.20.1510: LU () e (1) (¥ixixix v

‘ _|_ ! ! ! ! ‘

. F (a,b;c; b ] 1 ] 1 1

) ’c’z)zF(a,b;c;Z)=F<a’ ;z> JVR IO :
151E2 TI'(c) c XX X X IV

‘ =2F1 (a,b;¢;2)

Cdn 1
l FEo (zc_lF(a, b; c; z)) l
| = (c—n), 2 " F (a,b;c —n;2) |

e ai,...,a _ (a), a1+n,...,ap+n . 1 1 1 1 ]
163E1 | &5 Fy (G 2) = B, F (bim i) XX XKD X LV

15.5.E4

b
(fireo/fireo)am (2 mms)
16.11.E7 + \¢=1 ¢ bl,..., - XXX X X

~ qu(zejF )+qu(
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https://dlmf.nist.gov/12.14.E22
https://dlmf.nist.gov/13.13.E4
https://dlmf.nist.gov/13.14.E5
https://dlmf.nist.gov/13.15.E11
https://dlmf.nist.gov/13.20.E6
https://dlmf.nist.gov/14.5.E1
https://dlmf.nist.gov/14.9.E7
https://dlmf.nist.gov/14.17.E12
https://dlmf.nist.gov/14.20.E10
https://dlmf.nist.gov/15.1.E2
https://dlmf.nist.gov/15.5.E4
https://dlmf.nist.gov/16.3.E1
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DLMF | BTiX

1

‘MM | ML . SP: LCTg : LCTs

! az,—az, CLQ/b, QQ/Ca aqn+ bc
. _ (ag,aq/(bc); ),
| (aq/b,aq/c;q),,

182E4 Y, cx 72w, < 0o

: a, qaéa _qa%7 b? c, q_n aqn+1
6P | 11 R e

17.7.E16

F(n—l—l)/F(%n-{—l), n even,
r(n+2)/(u%r(§n+ %)) . nodd,

: —n, b n+17 .
1827.E5 | Py (x;a,b,c;Q)=3¢2<q o ,q)

18.15.E25 ! \,, = {

: (8% q)
' Cp (cost;B|q) = ——H—
18.28.E14 (&) 2
B ¢, 2", Bie, fre
4¢3< Bab. B, —Bah ,q,Q)
18.30.E1 ApAn1Chyr >0
18.33E1 | o5 fl121 $n(2)bm (2w (2) L = 8 m
19.24Ex8 + F (mm + ¢, k) = 2mK (k) & F (¢, k)
19.9E11 | ¢ < F(¢,k) < min(¢/A,gd " (¢))
19.21F4 ?RF (0,2—1,2) = Rp (0,1 — 2,1) FiRp (0,2,1)

) F
((b,a k)——§w2RJ(c 1,c—k2,c,c— wz)

19.25.E16 | e
| T\ eEohaza o o(e(@®-1)(1-w?),(a®—c)(c—w?))
1930E2 s =a {1~ kZsin20dd

1.690983006+-0.9510565161 1.54-0.3632712641

214E1 | Q=
1.54-0.3632712641 1.3090169944-0.9510565164%

cn (z,k) = sech z + %
22.10E8 ! .
' (2 —sinh z cosh z) tanh zsech z + O (k:' )

233E12 0" (2) = 60% (2) — 392

23.6#Ex2 | T = w3/wq

23.94Ex1 | ¢3 = 5502

24.10E3 1 Bn = Ba (1od p)
m n

2414F2 | Y7 o () BxBn_g = (1 —n)By — nBy_y

11 & (s+2k—2\ By
<(s)—8_1+2+k2_:1< 2% — 1 >2k
25.2.E10 =

s+ 2n & §2n+1 ($)d
“\on+1) ), zerontt x

x

X X X \ X

x

X X X X X

x

X X %X < %X

x

X X X X X

x

X X X \ %

X X X X S

x

x

X X X \ X

RN X R %x

x

AN

x

N X X X %X
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https://dlmf.nist.gov/18.2.E4
https://dlmf.nist.gov/18.15.E25
https://dlmf.nist.gov/18.27.E5
https://dlmf.nist.gov/18.28.E14
https://dlmf.nist.gov/18.30.E1
https://dlmf.nist.gov/18.33.E1
https://dlmf.nist.gov/19.2#Ex8
https://dlmf.nist.gov/19.9.E11
https://dlmf.nist.gov/19.21.E4
https://dlmf.nist.gov/19.25.E16
https://dlmf.nist.gov/19.30.E2
https://dlmf.nist.gov/21.4.E1
https://dlmf.nist.gov/22.10.E8
https://dlmf.nist.gov/23.3.E12
https://dlmf.nist.gov/23.6#Ex2
https://dlmf.nist.gov/23.9#Ex1
https://dlmf.nist.gov/24.10.E3
https://dlmf.nist.gov/24.14.E2
https://dlmf.nist.gov/25.2.E10

DLMF | EIEX

/MM ML SP | LCTg | LCTs

255E3  ¢(8) = =orre o e X XX X IV
| yoo n_ _q" XXX |
26.11.E4 :anocm (n)q"™ = = | X | b | X | X | X
' 15\(A1UA2U-UA,)|=]S]| L :
26.18.E1 N ; X X X X
‘ Y D Yy e cgpgn A NGO04 [ !
27.8E2 1 x (mn) = x (m)x (n) X X X X X
28.314Ex2 | A = 1 — 1¢2 XX X VvV |V
29.6#Ex4 oy = (v —2p—1)(v+2p+2)k? X X X vV .V
29.10E1 ‘h=v(y+1)—H XX X X X
30581 Qs (z,72) X X X X | X
305E3 ' Qs™(z,0) = Q" () XX X! X | X
30.9¢Ex3 12198y = —5(¢* +26¢% +21) +384m? (P + 1)1 X | X 1V I vV |V
3L12B2 Sy 4 (G4 241) 2425ty =0 XXXV IV
32225 w(zja) = eW(() + % XX X! X !X
32.24Ex19 | z = (2 VIX VIV LV
32.24Ex21 | 8 = —gce? X VXV Y
32.6.E23 ' p= (o' + Kokeo?)/(2K0) XXX X X
329.E5 tw(2) = Ppay1(¢)/Qn2(¢) X X X v | X
329E6 ' 22(w')? + 2zww’ = (C 4 2azw + y22w?)w? VX X X X
1 _ /1 —1/4 ‘ 1 1 1 ‘
rw(x) = oy/ 52+ op(2x cos (YP(x) + 60 ‘ ‘ ‘ ‘
32.11.E19 (@) 2 p(22) (@) +6) X XX, X | X
‘ +0(a7) AR
33.16.E13 ' h(e,fir)=(—1) v+ A(e,)T (v—0)Co(—vyr) /7 XXX X
343E2 ' 8jjjlm—m0 = (=1)J—™ 2m . X X X X | X
| (2§(2j+1)(2j+2)) DR 1
T <31,...,sm):/ otr (=X) [X[Fm-30mtD 111
353E2 m—1 X X X X X
: IT 1(X);[*7~=+1dX A :
‘ j=1 N 3
353E3 [ Bu(ab)= [ |X[*T 20D ox)Pmzmihax XX X X X
| 0<X<I ! ! ! ! !
AR (T =gty [ X[ 3D
35.7.E5 : 0<X<I XXX X X
: II—X[¢~a~ 3 (m+ D _TX|~baX o l
36.4E11 x4 iy = —2%exp (%mm) X X X vV vV
36.54Ex10 1 Y = 1 + ((z +y)/7?) XXXV IV
X189 0195:93: 78 | 49
Yv!11!5 ! 7 22 ! 51
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https://dlmf.nist.gov/25.5.E3
https://dlmf.nist.gov/26.11.E4
https://dlmf.nist.gov/26.18.E1
https://dlmf.nist.gov/27.8.E2
https://dlmf.nist.gov/28.31#Ex2
https://dlmf.nist.gov/29.6#Ex4
https://dlmf.nist.gov/29.10.E1
https://dlmf.nist.gov/30.5.E1
https://dlmf.nist.gov/30.5.E3
https://dlmf.nist.gov/30.9#Ex3
https://dlmf.nist.gov/31.12.E2
https://dlmf.nist.gov/32.2.E25
https://dlmf.nist.gov/32.2#Ex19
https://dlmf.nist.gov/32.2#Ex21
https://dlmf.nist.gov/32.6.E23
https://dlmf.nist.gov/32.9.E5
https://dlmf.nist.gov/32.9.E6
https://dlmf.nist.gov/32.11.E19
https://dlmf.nist.gov/33.16.E13
https://dlmf.nist.gov/34.3.E2
https://dlmf.nist.gov/35.3.E2
https://dlmf.nist.gov/35.3.E3
https://dlmf.nist.gov/35.7.E5
https://dlmf.nist.gov/36.4.E11
https://dlmf.nist.gov/36.5#Ex10
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E.2 Qualitative Symbolic and Numeric Evaluations

This section is part of the appendix for our submission to the TACAS conference [3] and
support our Section 5.1 in Chapter 5 of the thesis. This section contains three tables with
additional information about our DLMF evaluation via BCasT. All information in the tables are
also available online!*. This website also provides all translations for DLMF formulae, symbolic
evaluation results, and numeric evaluation results including failed test values.

Table E.2, provides three examples of our evaluations on the DLMF with different degrees of
complexity. The first entry [12, (1.4.8)], for example, illustrates the difficulty of translating
formulae from KIEX to CAS syntaxes even on a semantically enriched dataset like the DLMF.
Often, the arguments of a function in derivative notations are omitted since they can be deduced

from the variable of differentiation. For example, ?;TJ the argument of the function f(x) is
omitted. However, in this case BCaT is unable to correctly interpret f as a function and
presumed it to be a variable. Unfortunately, not only caused this error a wrong translation but
also produced a false positive evaluation because the symbolic simplification returned 0 = 0
for

D[f, {x, 2}] == D[D[f, x], x]. (E.16)

The other two examples in Table E.2, even though more complex, illustrate the capability of
BCAST and our evaluation pipeline.

Additionally, Table E.4 and E.5 show the number of translated and evaluated expressions for each
chapter of the DLMF. For overview reasons, Table E.5 only shows the results for translations
to Mathematica. For Maple, see our website. For reference, Table E.3 shows the full name
of each chapter and the total number of displayed formulae according to the released dataset
by Youssef and Miller [33]. The actual number of functions may vary compared to Table E.4,
because Youssef and Miller did not split multi-equations, and £ or F. Hence, our final dataset
consists of 10, 930 formulae. Additionally, as described in our paper, we filter out non-semantic
expressions, non-semantic macro definitions, ellipsis, approximations, and asymptotics. We
ended up with 6, 623 test cases.

“https://lacast.umflabs.org/ [accessed 2021-10-01]
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Table E.2: The table shows three sample cases of our evaluation pipeline from the DLMF. The
translation shows the performed translations to Mathematica. The numeric column contains
the number of successfully computed test cases. The constraints column contains all applied
constraints including global constraints from Figure 5.3 of the thesis.

[12, (1.4.8)] 2f _ d (ﬂ)

dz? dz \ dz
Translation 3 D[f, {x, 2}] == DID[f, x], x] (A correct translation requires the
X . argument for f, suchasD[f[x], {x, 2}] == D[D[£[x], x], x].)
__Symbolic | Numeric ; Variables | Constraints . Test Values
‘ ‘ ‘ ‘ 13
| | | z € R, 1 xe{a’a?} v
4 v/(30/30) fX zv R(z) > 0 re{xd.ad aacns,

em/(s,e—m/sye—siﬂ/s}

‘ 1
' 2(52) 0o — 1

12,(115.2)] K, (2) = —25— [P e 2t (1 + 2V~ 2dt

12,01152)] | Ko(s) = 2800 J5* e (1+ )

StruveH[\ [Nu] ,z]-BesselY[\[Nu] ,z]==Divide[2*(Divide[1,2]*z) "\ [Nul,

Rv+k+1)>0,
R(—v +k+1) >0,
Rin+v+2)>0

P (@) = 27 Ty ("5 () (2 — 1) (w + 1)

n—~_

oim/6 efm/:s}
)

Tranflatmn Sqrt [Pi]*Gamma [\ [Nul +Divide[1,2]]1]*Integrate [Exp[-z+t]+ (1+(£)~(2))
' “(\[Nu]-Divide[1,2]),{t,0,Infinity},GenerateConditions->None]
Symbolic ‘ Numeric ! Variables ! Constraints ! Test Values
7777777777 T L o) <, T
| : R(z) > 0, :
v 3 i %(V+%)>O, i V7ze{%7%727

JacobiP[n,\[Alphal,\[Betal ,x]==(2) " (-n)*Sum[Binomial [n+\ [Alphal,\[

Tran'siation ScriptL]]#Binomial [n+\ [Beta] ,n-\ [ScriptL]]*(x-1)~ (n-\ [ScriptL])*(x
' +1)"\[ScriptL],{\[ScriptL],0,n},GenerateConditions->None]
 Symbolic | Numeric ;| Variables | Constraints | Test Values
X v@EUSY)  naBav | nxea{lﬁ i%} 3 neil2, 3
oz, >0 a’ﬁ’xe{i’iﬂ}
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Table E.3: Summary of DLMF chapters with corresponding 2-letter codes (2C), chapter numbers
(C#), chapter names of the DLMF chapters, and the total number of displayed formulas (i.e.,
without inline formulae) per chapter according to [33] (F).

2C | C# | Chapter Name . F
AL | 1 . Algebraic and Analytic Methods ' 571
AS 1 2 Asymptotic Approximations 349
NM : 3 : Numerical Methods 296
EF . 4 . Elementary Functions . 513
GA . 5 . Gamma Function . 161
EX | 6 | Exponential, Logarithmic, Sine, and Cosine Integrals . 100
ER 7 Error Functions, Dawson’s and Fresnel Integrals 137
G ' 8 Incomplete Gamma and Related Functions 240
AT © 9  Airy and Related Functions 230
BS : 10 : Bessel Functions 696
ST : 11 . Struve and Related Functions 149
PC | 12 | Parabolic Cylinder Functions L 177
CH 13 Confluent Hypergeometric Functions 372
LE 14 Legendre and Related Functions 283
HY ' 15 : Hypergeometric Function 198
GH : 16 : Generalized Hypergeometric Functions & Meijer G-Function : 99
QH : 17 . g-Hypergeometric and Related Functions 181
OP . 18 . Orthogonal Polynomials . 502
EL ‘ 19 ‘ Elliptic Integrals ‘ 464
TH ' 20 ' Theta Functions 113
MT : 21 : Multidimensional Theta Functions 59
JA . 22 . Jacobian Elliptic Functions . 258
WE . 23 | Weierstrass Elliptic and Modular Functions . 167
BP | 24 | Bernoulli and Euler Polynomials 188
ZE 25 Zeta and Related Functions 171
CM ' 26 ' Combinatorial Analysis 201
NT : 27 ' Functions of Number Theory 132
MA . 28 . Mathieu Functions and Hill’s Equation . 353
LA ' 29 | Lamé Functions . 205
SW | 30 | Spheroidal Wave Functions 114
HE ' 31 ' Heun Functions '~ 120
PT ' 32 ' Painlevé Transcendents 286
CW @ 33 : Coulomb Functions 146
TJ © 34 . 34, 64,95 Symbols 64
FM | 35 | Functions of Matrix Argument L 62
IC | 36 | Integrals with Coalescing Saddles 137
> 8,494
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Table E.4: Overview of translations for DLMF chapters. Table headings are 2C: 2-letter chapter
codes; C#: chapter numbers; F: number of formulae; T,)q: number of translated expressions
using old translator [1]; Tyap, Tmath: number of translations with improved translator—Map for
Maple and Math for Mathematica; Mpap, Mpatn: number of failed translations due to missing
macro translation; E: number of other errors in the translation process. Best five performances
are colored.

2C. C#. F Told 1 TMap 1 TMmath MMap ' Mpmath | E
AL 1 @ 227 | 60 (264%): 102 (44.9%): 103 (45.4%) 79 78| 46
AS T 2 ' 136 | 33 (24.3%) ' 65 (47.8%)' 65 (47.8%) 510 51| 20
NM: 3 53 36 (67.9%) @ 40 (75.5%): 40 (75.5%) 8 8| 5
EF © 4 + 569 | 353 (62.0%): 494 (89.3%): 564 (99.1%) 58 4 1
GA'! 5 | 144| 38 (264%) 130 (93.5%) . 139 (96.5%) 7 3| 2
EX ! 6 ! 107 | 21 (19.6%). 56 (52.3%). 77 (72.0%) 50, 29| 1
ER ' 7 | 149 | 35 (235%) ' 101 (67.8%)' 120 (80.5%) 477 28| 1
IG: 8 ' 204 | 84 (41.2%)' 160 (78.4%) ' 163 (79.9%) 390 36| 5
AT : 9 @ 235 36 (15.3%) @ 180 (76.6%): 179 (76.2%) 46 471 9
BS | 10 | 653 | 143 (21.9%): 392 (60.0%) ' 486 (74.4%)| 243 135| 32
ST ! 11! 124 | 48 (387%) ! 121 (97.6%) 112 (90.3%) 3. 12| 0
PC ! 12 ! 106 | 33 (311%). 79 (745%). 90 (84.9%) 23 ! 9| 7
CH ! 13 ! 260| 126 (48.5%) ' 252 (96.9%)' 254 (97.7%) | 1| 5
LE ' 14 ' 238 | 166 (69.7%) ' 230 (96.6%) ' 229 (96.2%) 5 6| 3
HY © 15 © 206 | 148 (71.8%) @ 198 (96.1%) ' 197 (95.6%) | 4 5
GH ! 16 1 53| 20 (37.7%). 23 (434%) 25 (47.2%) 27 ! 1] 27
QH 17 | 175 1 (0.6%) @ 53 (30.3%): 124 (70.8%) | 112. 35| 16
OP | 18 | 468 | 132 (282%) . 235 (50.2%). 288 (61.5%)| 203! 149 | 31
EL ' 19 | 516 | 103 (20.0%) ' 252 (48.8%) ' 416 (80.6%)| 250 84| 16
TH ' 20 @ 128 | 52 (40.6%) '@ 98 (76.6%)' 98 (76.6%) 8! 8| 22
MT © 21 : 32 0 (0.0%) 0 (0.0%) : 0 (0.0%) 30 - 30
JA 220 264 | 115 (43.6%) 0 232 (87.9%) ! 238 (90.2%) 270 21
WE | 23 . 164 7 (43%) . 19 (11.6%): 34 (20.7%)| 125. 112 18
BP ! 24! 175| 31 (177%) ! 117 (67.2%) ' 148 (84.6%)| 35. 15| 12
ZE ' 25 ' 154 | 28 (182%) ' 124 (80.5%)' 120 (77.9%) 26 30
CM ' 26 136| 31 (22.8%)' 78 (57.3%)' 87 (64.0%) 541 42| 7
NT : 27+ 79 5 (63%): 26 (329%): 15 (19.0%) 38 49 | 15
MA D28 0 267 | 52 (195%) 97 (36.3%) 110 (41.2%)| 138: 125| 32
LA 29 111] 11 (99%): 23 (20.7%): 22 (19.8%) 79 80| 9
SW 1300 71| 14 (197%) ! 19 (268%) ' 26 (36.6%) | 47! 39
HE ' 31! 35| 29 (82.8%) 22 (62.8%): 15 (42.8%) 9 16| 4
PT ' 32 ' 67| 43 (64.2%) ' 57 (851%)' 57 (85.1%) 0 0| 10
CW:33: 108 | 21 (194%):@ 14 (13.0%): 11 (10.2%) 80 - 86 | 11
TJ |34 57 0 (0.0%): 1 (18%): 37 (64.9%) 46 | 4| 16
FM | 35 46 0 (00%) . 0 (00%): 0 (0.0%) 36 36| 10
IC 36 0 106| 12 (11.3%) ' 24 (226%) ' 24 (226%)| 79 79| 3
S 16623]2067 (31.2%) ! 4,114 (62.1%) | 4713 (71.2%) | 2,114 | 1492 | 418
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https://lacast.wmflabs.org/wiki/Results_of_Incomplete_Gamma_and_Related_Functions
https://lacast.wmflabs.org/wiki/Results_of_Airy_and_Related_Functions
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https://lacast.wmflabs.org/wiki/Results_of_Struve_and_Related_Functions
https://lacast.wmflabs.org/wiki/Results_of_Parabolic_Cylinder_Functions
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https://lacast.wmflabs.org/wiki/Results_of_Hypergeometric_Function
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https://lacast.wmflabs.org/wiki/Results_of_Weierstrass_Elliptic_and_Modular_Functions
https://lacast.wmflabs.org/wiki/Results_of_Bernoulli_and_Euler_Polynomials
https://lacast.wmflabs.org/wiki/Results_of_Zeta_and_Related_Functions
https://lacast.wmflabs.org/wiki/Results_of_Combinatorial_Analysis
https://lacast.wmflabs.org/wiki/Results_of_Functions_of_Number_Theory
https://lacast.wmflabs.org/wiki/Results_of_Mathieu_Functions_and_Hill\T1\textquoteright s_Equation
https://lacast.wmflabs.org/wiki/Results_of_Lam%C3%A9_Functions
https://lacast.wmflabs.org/wiki/Results_of_Spheroidal_Wave_Functions
https://lacast.wmflabs.org/wiki/Results_of_Heun_Functions
https://lacast.wmflabs.org/wiki/Results_of_Painlev%C3%A9_Transcendents
https://lacast.wmflabs.org/wiki/Results_of_Coulomb_Functions
https://lacast.wmflabs.org/wiki/Results_of_3j,6j,9j_Symbols
https://lacast.wmflabs.org/wiki/Results_of_Functions_of_Matrix_Argument
https://lacast.wmflabs.org/wiki/Results_of_Integrals_with_Coalescing_Saddles

Table E.5: Overview of symbolic and numeric evaluations for DLMF chapters as in Table E.4.
Table headings are Tyan: number of successfully translations to Mathetmatica; Sgyccesss Stail: DUM-
ber of successful and failed symbolic verifications (for translated expressions only) respectively;
Niuccess> Nfail: number of successful and remaining failed numeric (for failed symbolical tests
only) respectively. P, T: number of partial (at least one test was successful) and total failed
numeric tests. Best five performances are colored.

2C | C# | TMath Ssuccess : Sfail Niuccess : Nfail [P/T] . A E
AL 1 @ 103| 34 (33.0%): 69| 14 (203%) . 40 [ 9/31]; 11: 4
AS ' 2 ' 65 6 (92%) ' 59| 4 (6.8%) ' 38 [ 6/32] 7' 9
NM 3 40 5 (125%): 35| 0 (0.0%) ' 29 [ 8/21]: 6: 0
EF 4 . 564 | 304 (53.9%): 260|110 (42.3%): 146 [55/91]: 2. 0
GA! 5 ! 139| 65 (46.8%)! 74| 30 (40.5%) ' 20 [ 9/11]: 131 9
EX ! 6 . 77| 18 (234%) ' 59| 23 (39.0%): 32 [ 6/26]. 4. 0
ER' 7 ! 120| 45 (37.5%)' 75| 21 (28.0%)' 43 [13/30]' 9! 1
IG: 8 ' 163| 65 (39.9%) ' 98| 22 (224%)' 44 [19/25] 16 15
AT+ 9 ¢ 179| 69 (385%) @ 110 | 30 (27.3%) @ 58 [38/20] 14: 7
BS . 10 . 486 | 115 (23.7%): 371 | 90 (24.2%): 151 [57/94] 92 18
ST! 11! 112| 36 (321%) ! 76| 21 (27.6%) . 33 [ 8/25]! 10! 11
PC! 12! 90| 18 (20.0%) . 72| 13 (18.0%): 43 [15/28] 12 3
CH' 13 ' 254| 69 (27.2%)! 185| 23 (124%)' 95 [59/36] @ 45! 21
LE ' 14 ' 229| 30 (13.1%)' 199 | 59 (29.6%) ' 92 [54/38]: 41' 5
HY 15+ 197 | 53 (26.9%): 144 | 23 (16.0%):@ 77 [52/25]: 29: 6
GH'! 16 | 25 2 (80%) 23| 1 (43%): 10 [ 7/ 3]0 9. 2
GH 17 | 124 6 (48%) ! 118| 13 (11.0%): 57 [52/ 5] 39! 5
OP @ 18 | 288 | 101 (35.1%). 185| 45 (243%). 68 [31/37]: 52! 12
EL | 19 | 416 | 51 (12.2%) ' 365| 18 (4.9%)' 264  [49/215]! 61! 15
TH:' 20 98 1 (1.0%): 97| 33 (34.0%) ' 40 [25/15] 24 0
wria i o . i o) : S
JA 220 238| 30 (12.6%) 206 | 22 (10.7%): 131 [39/92] 51 0
WE : 23 34 4 (11.8%) . 30| 2 (67%). 23 [ 9/14]: 2. 3
BP ! 24 ! 148| 23 (155%) ' 125| 78 (62.4%). 33  [22/11]' 14! 0
ZE | 251 120 | 48 (40.0%) ' 72| 22 (305%) '@ 22 [ 6/16] @ 22 3
CM ' 26 87| 19 (21.8%)' 68| 44 (64.7%):@ 18 [10/ 8] 5:' 1
NT :27: 15 6 (40.0%): 9| 3 (333%): 6 [ 3/ 3] 0: 0
MA D28 1 110 7 (64%) ' 103| 3 (29%) 48 [13/35] 33 17
LA 29 22 0 (00%) . 22| 0 (0.0%): 21 [ 1/20]: 0. 1
SW30 0 26 0 (00%): 26| 0 (00%): 19 [ 2/17]! 5! 1
HE ' 31! 15 2 (133%) ' 13| 0 (00%): 8 [0/ 8] 5! 0
PT ' 32 ' 57 3 (53%): 54| 0 (0.0%) '@ 41 [ 2/39]: 8: 5
CW:33: 11 0 (00%: 11| 0 (0.0%) :@ 11 [ 2/ 9] 0: 0
TJ 34 37 0 (0.0%): 37| 14 (37.8%) ' 10 [ 5/ 5] 13. 0
FM | 35 | 0 - B - : - S
IC 36! 24 0 (00%) ' 24| 3 (125%)! 13 [ 1/12]. 1. 6

S 4713[ 1,235 (26.2%) | 3,474 | 784 (22.6%) | 1,784 [ 687/1,097] | 655 | 180
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F Wikipedia Evaluations

This Section was submitted as supplementary materials for the Journal article [4] and supports
Section 4.2 in Chapter 4 of the thesis.

F.1 Noun Phrase Definitions

Originally, we considered only nouns, noun sequences, adjectives followed by nouns, and
Wikipedia links as candidates of definiens [26]. However, in the field of Orthogonal Polynomials
and Special Functions (OPSF), such descriptions are generally insufficient. Hence, we include
connective possessive endings and prepositions between noun phrases. Consider the Bessel
functions of which there are two kinds, the first and the second. Additionally, there are modified
and spherical versions, each with a first and second kind. Hence, in order to distinguish one
from another, we need to know the entire name, such as the modified Bessel function of the second
kind. Thence, we define our Mathematical Concept (MC) as noun phrases NP in terms of Part-of-
Speech (POS) tag patterns used by CoreNLP. We use the following patterns'®: (1) JJ* NN+, (2)
JJ* NN+ POSS NN+, and (3) JJ* NN+ IN DT? JJ* NN+. The POS tags refer to the tags used
by CoreNLP and JJ and NN include all specialized forms (such as plurals NNS). The symbols ‘?’,
‘+’, and ‘*’ refer to the quantities at most once, at least once, and many or none of the successive
tokens with that particular POS tag. These new noun phrase definitions allow us to distinguish
special functions and orthogonal polynomials more adequately in contrast to the previously used
nouns, noun sequences, and adjective-noun sequences. Note that a noun phrase may appear
multiple times in a document. In that case, we adjusted the score as in [27]. While we have not
found any improvement in the original project on single identifiers [27], this score adjustment
performs better on our current use case. Note that Mathematical Language Processing (MLP)
also tries to increase the score if a noun phrase appears multiple times in the same list. This
happens if the same description occurs multiple times near the same Mathematical Objects of
Interest (MOI). While Schubotz et al. [27] reported that this adjustment did not lead to better
performance, we identified the opposite in our use cases and include the proposed adjustment
for the score calculations.

F.2 Example Translation Process

Consider the English Wikipedia article about Jacobi polynomials as our exemplary use case.
Figure F.5 shows the dependency graph overlay for the first equation in that article. Figure F.6
shows a larger part of the article with more MOI dependencies. Due to implementation con-
straints and performance reasons, the implementation of our demo page slightly differs from
the actual pipeline we used internally. The only difference is that the given formula does not
need to be in the given context. The reason is, that we can build a dependency graph of the
given context first and then ask for a single formula translation and computation. This is more
efficient compared to translating and computing an entire document at once. So the actual
pipeline you can use in our demo works as follows. First, a dependency graph is generated for
the page that serves as our context. Next, the given formula is integrated into the dependency
graph. If the given formula is already in the graph, we can work with that node. If not, we
generate a new node and set up the dependencies for this new node. Consider, we want to

“Note that possessive endings are tagged by POS with CoreNLP [21]. To distinguish possessive endings from
part-of-speech tags, we use POSS here for possessive endings.
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Jacobi polynomials
From Wikipedia, the free encyclopedia
For Jacobi polynomials of several variables, see Heckman-Opdam polynomials.
In mathematics: Jacobi polynomial ((occasionally called hypergeometric polynomials

a,
P( A (x) Jare a class of classical orthogonal polynomials' They are orthogonal with

respect to the weightl(1 — x)*(1 + x)” lon the intervall[—1,1] | The Gegenbauer
polynomials, and thus also the Legendre, Zernike and Chebyshev polynomials, are
special cases of the Jacobi polynomials.

The Jacobi polynomials were introduced by Carl Gustav Jacob Jacobi

Definitions [edit]
Via the hypergeometric function [ 1

Thel Jacobi polynomialsjare defined via thelhypergeometric functionlas follows:

P = EE D

1
2F1<—n,1+a+ﬁ+n;a+1;§(1—z)>,

vvherel(a i 1)nIIS thd Pochhammer's symboll r the rising factorial). In this case, the
series for thf hypergeometric function is finite, thefefore one obtains the following
equivalent expression:

Figure F.5: The part of the dependency graph for the definition of the Jacobi polynomial (yellow).
The definition has two ingoing dependencies (blue) and is annotated with three descriptive
terms in the same sentence (green). The MOI qu,a’ﬁ ) () would be annotated with all descriptive
terms (green) from the sentence in the introduction and the sentence in the definition of the

Jacobi polynomial.

translate the equation

(a+1),
nl

Pled)(z) = F (—n,1+a+6+n;a+1;%(1 —z)), (F.17)
in the context of Jacobi polynomials. Since this equation does exist in the context, we take that
node in the dependency graph for the following process. The dependency graph from Jacobi
polynomials tells us, that the equation contains two other MOI, namely pieP) (z) from earlier
in the article and (« + 1),, right below the equation, while the definition itself is not part of any
other MOI (no outgoing dependencies). Hence, the annotated descriptive terms for the equation
are only the noun phrases extracted from the sentence the equation appears in. These noun
phrases are Pochhammer’s symbol (0.69), hypergeometric function (0.6), and Jacobi polynomial
(0.6). Note that the term rising factorial at the end of the sentence is not included. Because of
the aforementioned challenges in processing mathematical language (see Section 4.2.5 of the
thesis), CoreNLP tagged factorial as an adjective instead of a noun and, therefore, the phrase
was not considered as a noun phrase.

Next we search for semantic macros with the descriptive terms annotated to the definition in
the dependency graph and find \JacobipolyP for Jacobi polynomials, \Pochhammersym for
the Pochhammer’s symbol, and \genhyperF for hypergeometric function. Each retrieved macro
contains a list of possible replacement patterns. Finally, we score each replacement pattern
by the score that was generated from MLP for the descriptive term, the search score from ES
for retrieving the macro, and the likelihood value of the semantic macro version in the DLMF.
Finally, we iterate over every in-going dependency of the MOI and recursively apply the same
process to each of the dependant MOIs. For the equation above, this recursive behavior would
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Jacobi polynomials

From Wikipedia, the free encyclopedia
For Jacobi polynomials of several variables, see Heckman-Opdam polynomials.

In mathematics, Jacobi polynomial (occasionally called hypergeometric polynomials)

a, ! : :
m Pn( 2 (x) are a class of classical orthogonal polynomials. They are orthogonal with

respect to the weighf(1 — x)*(1 + x)ﬁ n the interval|[—1,1] | The Gegenbauer
polynomials, and thus also the Lgendre, Zernike and Chebyshev polynomials, are

special cases of the Jacobi polyffomials.

The Jacobi polynomials were intjoduced by Carl Gustav Jacob Jacobi.

Contents [show]

Definitions [ edit]

Via the hypergeometric function [edit]

The Jacobi polynomials are defined via the hypergeometric function ds follows:

a+1 1
— P,f“’p)(z) =(n—')" oF; (—n,1+a+ﬁ+n;a+1;§(1—z)),

Wherel(a + l)n is the Pochhammer‘s‘ymbol (for the rising factorig). In this case, the
series for thg hypergeometric function is finite, therefore one obtains fe following

equivalent € ur
n m
Ma+n+1 mI(a+pf+n+m+1)(z-1
p| PP () = ( ) ( ) (a+ B ) |
nT(a+B+n+1) Ok MNa+m+1) 2
m=
Rodrigues‘ formula [edit] 1
An equivalent definition is given by Rodrigues' formula:
> 2P = T (1 _ et 4 o d—n{(1 -2)*(1+2)Ff(1 - 25"

i T 2nnl dz i

If then it reduces to the Legendre polynomials:
# — il dn 2 n

Pn(Z) = znn!m(z - 1) .
Alternate expression for real argument [edit]
For realhe Jacobi polnyomial can alternatively be written as

@w s n-s
(@B) =Z(n+a) n+pf\(x—1\" (x+1
h@ n—s s 2 2
__s=0
and for intege
r'z+1)
n n=0
(k) ={Tn+ Dl (z—-n+1)
0, n<o0

Where' ————

Figure F.6: Complete dependency graph of all MOI for the first sections in the Wikipedia
article about Jacobi polynomials. Dependencies of the identifiers = and n are omitted due their
appearance in almost every MOL
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not be necessary since every component of the equation is already mentioned in the same
sentence. However, consider as a counterexample the next equation in the same article

@iy Llat+tntl) &K (n\Dle+B+n+m+1) (z—-1\"

m=0

In the context of this equation, neither the Jacobi polynomial nor the Gamma function is
mentioned in the sentence. However, iterating over the ingoing dependencies reveals I'(z)
from later in the article and PT(LQ’B ) (x) from the introduction. Both MOI are annotated with the
necessary descriptions to retrieve the replacement patterns for the gamma function and the
Jacobi polynomial. Finally, we order the list of retrieved replacement patterns according to their
scores. The score for a single replacement pattern is the average of the scores from each part of
the retrieval pipeline. Those are (1) the noun phrase score for the given formula calculated from
MLP, (2) the relative Elasticsearch score of the retrieved semantic macro replacement patterns,
and (3) the DLMF likelihood values for each generic BIEX pattern. Table F.6 contains some of
the retrieved replacement rules.

Table F.6: The retrieved replacement patterns for equation (F.17). The highlighted rows indicate
the replacement patterns that matches parts of equation (F.17).

Score Descreption Replacement Pattern

Pochhammer symbol

0.8953 (par1) _{par2} — \Pochhammersym{pari}{par2}

(or shifted factorial)
g-multiple Pochhammer \gmultiPochhammersym
. 1; 2 3
0.8953 symbol (part;par2) {par3} = {pari}{par2}{par3}
Pochh 1 2
0.8702 g-Pochhammer symbol (pari;par2) _{par3} — \qPochhammer{par1}{par2}
{par3}
. . ~ \JacobipolyP{pari}{par2}
0.8663 Jacobi polynomial P~{(pari,par2)}_{par3}(varl) — {par3}atvart}
0.8521 Associated Jacobi P~{(parl, par2)}_{par3} N \assJacobipolyP{pari}{par2}
' polynomial (varl; var2) {par3}e{vari}{var2}
0.8521 Shlfted]z?cobl G {part} (vari,var2,var3) — \shiftJacobipolyG{pari}e
polynomial {vari}{var2}{var3}

q-hypergeometric (or O _{pari}\phi_{par2} \qgenh hi{pari}{par2}
T T hypergeometric) _{par phi_+par N ggenhyperphi{par par
function ({varl \atop var2};var3,var4) 0¢{vari}{var2}{var3H{vard}

bilateral q-hypergeometric O {pari} \psi_{par2} \qgonh {par1}{par2}
0.8079 (or bilateral basic —IPartiAPST-Apars’ _, \dgeniyperpstipariiipar

. . ({varl \atop var2};var3,var4) @e{vari}{var2}{var3}{vard}
hypergeometric) function

6 generalized hypergeometric {}_{par1}F_{par2} \genhyperF{pari}{par2}

0.718 .
function ({var1l \atop var2};var3) @@{vari}{var2}{var3}

We apply each replacement pattern that we extracted (Table F.6). The replacement patterns for
\JacobipolyP, \Pochhammersym, and \genhyperF matched parts in the original KIEX (green
backgrounds in Table F.6). The original KIEX looked like this:
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a IATEX of equation (F.17)

P_n~{(\alpha,\beta)}(z) = {( +1) _ni{n!} {}_2F_1\left
(-n, 1+ T +n; +1;\tfrac{1}{2}(1-z)\right)

The replacement patterns replaced each part with the semantic macros. Hence, the semantically
enhanced (or simply semantic KIEX) looks like this:
Enhanced semantic KTEX of equation (F.17)
{ H IHnre{z} = {\Pochhammersym{

+ 1}{n}}{n!'}\genhyperF{2}{1}@{-n, 1+ + +n}{
+1}{\tfrac{1}{2}(1-2)}

Every semantic macro in this expression is supported by BCasT. Hence, we use BCaST to translate
it to Maple:

Maple translation of equation (F.17)

JacobiP (n, alpha, beta, z) = (pochhammer (alpha + 1, n))/( (n)
)*hypergeom([- n , 1 + alpha + beta + nl], [alpha + 1], (1)/(2)*(1
- z))

and Mathematica:

Mathematica translation of equation (F.17)

JacobiP [n, \[Alphal, \[Betal, z] == [Pochhammer [\ [Alpha]l+ 1, n]
,(n)!]+HypergeometricPFQ[{- n , 1 + \[Alphal+ \[Betal+ n}, {\[
Alphal+ 13}, [1,2]x(1 - =z)]

In addition, we automatically evaluate the equation numerically and symbolically as described
in [4]. Essentially, BCaST extracted 4 free variables in the expression: «, 3, n, and z. Further,
it located the equal sign to split the expression in left- (LHS) and right-hand side (RHS). The
symbolical test tries to simplify the difference of LHS and RHS to 0. For Mathematica, this
simplification looks like this:

0 Symbolic evaluation of equation (D.3)

FullSimplify[
(JacobiP [n, \[Alphal, \[Betal, z])
- ( [Pochhammer [\ [Alphal+ 1, n],(n)!] * HypergeometricPFQ[{- n
, 1 + \[Alphal+ \[Betal+ n}, {\[Alphal+ 1}, [1,2]%(1 - z
)1)

Since it is the common definition of Jacobi polynomials, Mathematica indeed returns 0 for this
simplification. Hence, the symbolic test was successful. The numeric tests work similarly. We
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replace every variable with actual numeric values and calculate the difference between LHS and
RHS. If the numerically calculated difference is 0, the test was successful. Because of resource
limitations, we limit the number of test calculations to 10. For example, in Maple, one of the

test calculations was for o = %, 8= %, n=2z= —% + @ The difference of LHS and RHS
for these values was 0 + 07, which is equal to 0. Hence the numeric test was successful for this
particular case. All other test calculations were also successful. Conclusively, the entire numeric
test case was successful. The evaluation results for this particular example can be found on
the demo page for the equation above: https://tpami.wmnflabs.org/wiki/Special:

LaTeXTranslator?pid=123&eid=math.123.0.

F.3 Evaluation Analysis

In this section, we refer to a benchmark entry with the associated ID. The full benchmark dataset
is given later in Section F.4 and online at https://tpami.wmflabs.org/wiki/Poject:
GoldData. In the following, we discuss some issues we identified with the evaluation. This
section is more comprehensive to the one in Section 5.2.4 of the thesis. It also contains some
actual examples and direct links to the entries.

False Math Detection Since the benchmark contains randomly picked formulae from the ar-
ticles, it also contains entries that might not have been properly annotated with math-templates
or math-tags in the Wikitext. Four entries in the benchmark (28, 43, 78, and 85) were wrongly
detected by our engine and contained only parts of the actual formula. For example, entry 28
was extracted as _{1}(z) = from the Polylogarithm because the formula Li; (2) = —In(1 — z)
was given in plain text Li<sub>1</sub>(’’z’’) = -1n(1-’’z’’). While our approach
correctly identified <sub>1</sub>(’’z’’) =and (1-’’z’’), it did not identify the plain
text words Li and In as part of the formula.

Inappropriate KTEX Some translations also failed due to inappropriate KIEX expressions. For
example, the hypergeometric functions have an index prior to the identifier F', such as in 1 F5.
In many cases, the leading subscript was attached to the previous token, such as equal signs
(84) or asterisks for multiplications (75, 83), rather than using an empty expression {}_{1}. For
example, entry 75

n finu( 2iu

Pn (‘T? a, b7 C‘Q) =a e abe , ac, ad7 Q)n

i(t+2u)  —it 2iu (F.19)

x4 ®3(q™", abedg™ 1, ae yae” " abe*™ ac, ad; q; q).

Here the asterisk has an index: %, (*_4). Hence, we were not able to match 4®3 with
\ggenhyperphi{4}{3}@. .. because the DLMF macro pattern presumed an empty expression
with underscore rather than an asterisk.

In one case (85) (from Continuous g-Laguerre polynomials), the editor of the Wikipedia article
even split the entire equation into two parts via </math><math> to avoid the problem with
the leading underscore. Hence, our extracted formula was not complete and missed the second
half of the expression.
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1

a Split formula to allow for an empty based subscript

<math>P_{n}"{( )F(xlqg)=\frac{ (g~ \alpha+1l;q) _{n}}{(q;q9)_{n
}}</math><math>_{3}\Phi_{2}(q"{-n},q"{ /2+1/4%Fe"{
i\thetal},q”{ /2+1/4r*xe~{-i\thetal};q { +1},001q9,q9)
</math>

Definitions and Substitutions Recognizing an equation as a definition would have a great
impact on performance. As a test, we manually annotated every definition in the benchmark by
replacing the equal sign = with the unambiguous notation := and extended BCasT to recognize
such combination as a definition of the left-hand side (the DLMF did not use this notation, hence
BCAT was not capable of translating := in the first place). This resulted in 18 more correct
translations (e.g., 66, 68, and 75) and increased the performance from .28 to .47.

Identifying definitions in a document would also solve the problem of substitutions. Consider,
for example, the benchmark entry 3 containing the elliptic integral of the first kind F'(x; k) =
u, from the article Elliptic integral. Here, x was defined as the Jacobian elliptic function
sn(u, k) immediately above this equation. Hence, an appropriate translation of F'(x; k) = u to
Mathematica would be

Appropriate translation of F(z;k) = u

EllipticF [ArcSin[JacobiSN[u, (k)~2]], (k)~"2] == u

While BCaST is capable of performing such complex translation from semantic BIgX (note that
the second arguments are squared and we must use sin~! () for the first argument), we were
not able to detect the substitution of z. Hence, our translation was not appropriate, as defined
in our paper.

The dependency graph may provide beneficial information towards a definition recognition
system for equations. However, rather than presuming that every equation symbol is indicating
a definition [20], we propose a more selective approach. Considering one part of an equation
(including multi-equations) as an extra MOI would establish additional dependencies in the
dependency graph, such as a connection between z = sn(u, k) and F'(x; k) = u. A combination
with recent advances of definition recognition in NLP [14, 15, 16, 19, 31] may then allow
us to detect x as the defining element. The already established dependency between x and
F(x; k) = u can finally be used to resolve the substitution. Hence, for future research, we will
elaborate the possibility of integrating existing NLP techniques for definition recognition [14,
15] into our dependency graph concept.

Missing Information Another problem that causes translations to fail is missing information.

For example, the gamma function seems to be considered common knowledge in most articles
on special functions because it is often not specifically declared by name in the context (e.g.,
19, 31, and 53). To test the impact of considering the gamma function as common knowledge,
we added the description Euler gamma function to the list of noun phrases that fetch semantic
macros from the database. Adding a low score ensures the pattern for the gamma function
will be applied late in the list of replacement patterns. This indeed improved performance
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slightly, providing us a successful translation of three more benchmark entries (19, 56, and 93).
Additionally, it improved the semantic KTgX in three other entries (22, 31, and 53) but these
cases had other issues that prevented a successful translation. This naive approach, emphasizes
the importance of knowing the domain knowledge for specific articles. Schubotz et al. [26]
utilized namespaces of mathematical expressions to improve definiens extractions for identifiers.
These namespaces may allow us to activate the feature we used to test the impact of the gamma
function more precisely in certain cases and deactivate it in others.

Non-Matching Replacement Patterns An issue we would more regularly face in domains
other than special functions and orthogonal polynomials are non-standard notations. For ex-
ample, for six entries (18, 44, 59, 62, 77, and 87) we were not able to appropriately replace
hypergeometric functions with semantic macros because they used the matrix and array en-
vironments in their arguments, while the DLMF only uses \atop for the same visualization.
Consequently, none of our replacement patterns matched even though we correctly identified
the expressions as hypergeometric functions. Entries 3 (from above) and 54, illustrate how
minor errors already cause a failure in the semantic enhancement process. In the DLMF, the
elliptic integral only uses a comma to separate the arguments. Hence, the appropriated semantic
macro did not match F'(x; k). Similarly, the hypergeometric function in entry 54

2

155 (1,%,0&%—%,-%) (F.20)

inappropriately uses commas to split the arguments. Hence, again, none of the replacement
patterns matched the expression. For an appropriate translation, one must derive the 1 and 2
from 1 F5 in order to extract the correct arguments.

One idea for solving these issues is to add more replacement rules to a macro. Greiner-Petter
et al. [6] presented a search engine for MOI that allows searching for common notations for a
given textual query. Searching for Jacobi polynomials in arXiv shows that different variants of
qua’ﬁ ) (x) are highly related or even equivalently used for Jacobi polynomials, such as p, H, or
R rather than P. However, widening the replacement patterns further may harm performance,
as seen in Table 2 (in the paper) for higher numbers of retrieved noun phrases and macros.

Derivatives and Prime Notations Related problems that we encountered with our im-
plementation of replacement patterns are primes and derivative notations. Primes for differ-
entiation are generally put in between the function identifier and its argument, e.g., Ai’(z).
Unfortunately, this causes the replacement patterns to fail because Ai(var1) did not allow
tokens in between. We can avoid this by adding support for optional tokens to our pattern match-
ing implementation. Hence, we would rather generate the pattern A1 opToken (varl). The
DLMF adds primes between the semantic macro and its arguments as well, e.g., \AiryAi’e{z}.
Hence, we can also simply put this optional token into the semantic KTgX expression.

Synonyms One minor issue we faced were synonyms. For example, entry 51 discusses
Kravchuk polynomials while the DLMF using the different transliteration Krawtchouk polyno-
mials. Hence, our pipeline was unable to find the correct semantic macro for the polynomials.
Since we already use Elasticsearch (ES) to search for semantic macros, and Elasticsearch (ES) is
capable of handling synonyms, we only need to feed the database with common synonyms. In
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this case, the Wikipedia article itself mentions the alternative transliteration at the beginning
of the article. We could extract these synonyms while analyzing the Wikitext and adding them
to the semantic macro database.

F.4 Benchmark Dataset

The following tables contain the 95 entries of the manually crafted benchmark dataset that we
used to qualitatively evaluated our semantification and translations. Each entry is linked (on the
top right) to a page on our online demo that provides further information and shows the actual
translations. The hyperlink to each entry is https://tpami.wmflabs.org/wiki/Gold_
followed by the entry ID, e.g., the page name is Gold_1 for the first entry. The following tables
do not include the translation results but only the manually crafted translations for a better
overview. The translation results for each case can be reached via the hyperlink.

In addition, every entry shows if our semantification (translation to semantic KIgX) and trans-
lation to Mathematica (CAS) was correct (¢/) or wrong (X). If the human annotator could not
translate the expression manually, the translations to the CAS are empty. If the semantification
or translation failed, the tables contain a Reason for Failure category and provide an additional
explanation on why the translation failed. We derived five main reasons for failures: definition
or substitution detection, failed pattern matching, ambiguous derivative and prime notations,
missing information in the context, and untranslatable functions (e.g., because the CAS does
not support that function).

Our math identification algorithm failed in four cases (28, 43, 78, and 85) because the formula
was given in plain text. In that case, the human annotator fixed the formula to provide correct
semantic TEX, Mathematica, and Maple translations. The original TEX was not fixed to see
what our system detected. Since BCaST was unable to detect the math correctly, the translations
counted as failures.
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https://tpami.wmflabs.org/wiki/Gold_

Table F.7: The 95 benchmark entries to evaluate BCaST translations and semantifications. The
top right of each entry is a hyperlink to additional information available at https://tpami.
wmflabs.org/Gold_ID where ID is the benchmark number, e.g., Gold_1.

:J— m 1 ('CC) = (_1)m+1Ym l(x)7
Formulaf (m+2) b

Y () (@) = (1)1 (2).

BTEX 3 \begin{align}J_{-(m+\frac{1}{2})}(x) &= (-1)"{m+1} Y_{m+\frac{1}{2}}(x), \\Y
C_{-(mt\frac{1}{2H)}(x) &= (-1)"m J_{m+\frac{1}{2}}(x).\end{align}

Semantic 3 \begin{align}\BesselJ{- (m + \frac{i}{2})}e{x} &= (- 1) {m+1} \BesselY{m+\
ETEX 3 frac{1}{2}}0{x} , \\ \BesselY{- (m + \frac{1}{2})}e{x} &= (-1)"m \BesselJ{m+\
, frac{1}{2}}e{x} .\end{align}

Mathematica : BesselJ[- (m +Divide[1,2]), x] == (- 1)"(m + 1)* BesselY[m +Divide[1,2], x]
iBesselY[— (m +Divide[1,2]), x] == (- 1)~ (m)* BesselJ[m +Divide[1,2], x]

Map]eiBesselJ(- (m +(1)/(2)), x) = (- 1)"(m + 1)* BesselY(m +(1)/(2), x); BesselY(-
Co(m +(1)/(2)), x) = (- 1)"(m)* Besseld(m +(1)/(2), x)

1: Bessel function

Translations Reason for Failure
Semantic ! ; Definition / ! Pattern !Derivatives/' Missing !
BIX | CAS Substitution Matching: _Primes Information: Untranslatable
”””” v v -
Explanation —

Formula' E(e) = fow/z V1 —e?sin? 6 df 2: Ellipse

BTExlE(e) \,=\, \int_0"{\pi/2H\sqrt {1 - €2 \sin"2\theta}\ d\theta

Semantic | \compellintEk@{e} = \int_0"{\cpi / 2} \sqrt{l - €2 \sin"2 \theta} \diff{\
BTiX ' theta}

Mathematica ' E1lipticE[(e) "2] == Integrate[Sqrt[1 - (e)~(2)*(Sin[\[Thetall)~(2)1, {\[
| Thetal , 0, Pi/2}]

Maple ' EllipticE(e) = int(sqrt(1 - (e)"(2)*(sin(theta))(2)), theta = 0..Pi/2)

Translations Reason for Failure
Semantic | : Definition / ! Pattern ! Derivatives/! Missing !
BEIEX 3 CAS ! Substitution : Matching:  Primes . Information. Untranslatable

Explanation | e was misinterpreted as Euler’s number.
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Formula: F'(x; k) = u 3: Elliptic integral

MapleiEllipticF(JacobiSN(u, k), k) =u

Translations Reason for Failure
Semantic | 3 Definition / | Pattern ! Derivatives/! Missing !
KTEX ' CAS|Substitution: Matching: Primes Information: Untranslatable
X X R :
Explanation x should have been substituted.
Formula : TGy = 2= Jo(=t) e tdt 4: Gamma function

E‘TEX 3 \frac{1}{\Gamma (z)} = \frac{i}{2\piF\int_C (-t) " {-z}e {-t}\,dt

Semantic 3 \frac{1}{\EulerGamma@{z}} = \frac{\iunit}{2 \cpi} \int_C(- t)~{-z} \expe {-t}
BIEX  \diff{t}

Mathematica |
Maple |
Translations Reason for Failure
Semantic ! EDeﬁnition/ ' Pattern !Derivatives/! Missing !
15502),¢ 3 CAS | Substitution : Matching:  Primes . Information. Untranslatable
v - I :
Explanation ' Contour integrals cannot be translated.
Formula: 2 =2 x2x2x2=16 5: Logarithm
KIEX 1 27{4} = 2 \times2 \times 2 \times 2 = 16
Semantic 3 2°{4} = 2 \times2 \times 2 \times 2 = 16
BTEX
Mathematicai (2)7(4) == 2 % 2 x 2 % 2 == 16
Maplei(Z)”(‘L) =2%2%2%2=16
Translations Reason for Failure
Semantic | 3 Definition / | Pattern ! Derivatives/! Missing !
EIEX CAS | Substitution : Matching .  Primes . Information. Untranslatable
v A -
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Formula 1) (x) := Y00, e 6: Riemann zeta function

Maplefpsi := (x) —> sum(exp(-(n)~(2)*Pi*x), n=1..infinity)

Translations ‘ Reason for Failure
Semantic | 3 Definition / ! Pattern ! Derivatives/; Missing !
KETEX ' CAS|Substitution: Matching: Primes :Information: Untranslatable
v v - -
Explanation —
I=e dt
e—=0+ \Jo n 7: Logarithmic integral function

o
,,,,,,,,,,,,,,,,,,,,,,,,, e Int/

BTEX 3 \operatorname{li}(x) = \lim_{\varepsilon \to 0+} \left( \int_O~{1-\varepsilon
'} \frac{dt}{\1n t} + \int_{1+\varepsilon}"x \frac{dt}{\ln t} \right)

Semantic 3 \logint@{x} = \lim_{\varepsilon \to 0+}(\int_O0~{1-\varepsilon} \frac{\diff{t
KIEX '3}{\1n t} + \int_{1+\varepsilon}"x \frac{\diff{t}}{\1n t})

Mathematica 3 LogIntegral[x] == Limit[Integrate[Divide[1,Log[t]], {t, 0, 1 - \[
| CurlyEpsilon] }]+ Integrate[Divide[1,Log[t]], {t, 1 + \[CurlyEpsilon], x}],
'\[CurlyEpsilon] -> 0, Direction -> "FromAbove"]

Map]eiLi(x) = 1limit(int((1)/(1n(t)), t = 0..1 - varepsilon)+ int((1)/(1n(t)), t =

1+ varepsilon..x), varepsilon = 0, right)

Translations Reason for Failure
Semantic | 3 Definition / | Pattern ! Derivatives/! Missing !
EIEX CAS  Substitution : Matching .  Primes . Information. Untranslatable
v  ivo- - - e -
Explanation —
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Formula ' w; = o [ w(x)k n(2) gy 8: Gaussian quadrature

Semantic ' v_{i} = \frac{iHp’_{n}(x_{i})} \int_{a} {b} \omega(x) \frac{p_{n}(x)}Hx-x_{
ETREX 'i}r \diff{x}

Mathematica : Subscript[w, i] = Divide[1, Subscript[p\[Prime], n] [Subscript[x, i]]]l*

. Integrate[\ [Omega] [x]*Divide [Subscript [p,n] [x], x-Subscriptl[x,il], {x, a, b

,,,,,,,,,,,,,, H ol
Maple !
Translations Reason for Failure
Semantic ! ‘ Definition / ! Pattern ! Derivatives/! Missing !
KTEX CAS!Substitution ' Matching: Primes :Information: Untranslatable
v ixi- - - :
Explanation } Prime notations are ambiguous and lead to wrong translations.
-z = ue",
Formula - d 9: Lambert W function
X u
= (u+1)e
L du

Semantic 3 \begin{align}x & =\LambertW@{x}\expe {\LambertW@{x}}, \\ \deriv{zx}{\
ETEX | LambertWe@{x}} &=(\LambertWe{x} + 1) \expe~{\LambertW@{x}} .\end{align}
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Mapleix = LambertW(x)*exp(u); diff(x, [LambertW(x)$1]) = (LambertW(x) + 1)*exp(

\ LambertW(x))
Translations Reason for Failure
Semantic ! ‘ Definition / ! Pattern ! Derivatives/! Missing !
KTEX CAS!Substitution ' Matching: Primes :Information: Untranslatable
4 X S -

Explanation u should have been substituted.
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1 1

Formula 4 10: Legendre polynomials

KIEX \frac{1}{\left| \mathbf{x}-\mathbf{x}’ \right|} = \frac{1}{\sqrt{r-2+{r’}"2-2
ir{r’}\cos\ga.mma}} = \sum_{\ell=0}"\infty \frac{{r’}"\ell}r {\ell+1}} P_\ell

. (\cos \gamma)

Semantic \frac{1}{|\mathbf{x} - \mathbf{x} ’|} = \frac{1}{\sqrt{r 2+{r’}"2-2r{r’}\cos\
KTgEX gamma}} = \sum_{\ell=0}"\infty \frac{{r’}"\ell}{r"{\ell+1}} \LegendrepolyP{\
i el1}e{\cos \gamma}

Mathematica 'Divide[1, Abs[x - x\[Prime]]] == Dividel[d, Sqrt [r~2+(xr\ [Prime]) " (2) -2*r*r\[
'Prime] Cos[\[Gamma]ll]l == Sum[Divide[(r\[Primel)~(\[ScriptLl), r~(\[ScriptL
11+1)] *LegendreP [\ [ScriptL], Cos[\[Gammalll, {\[ScriptL], 0, Infinity}]

Maple !
Translations Reason for Failure
Semantic | ; Definition /! Pattern | Derivatives/ | Missing !
KIEX ' CAS!Substitution: Matching '  Primes  :Information: Untranslatable
v X - - - -
Explanation —
2(—1 k—1
erf® () = (\F)Hkl(z)e 2
Formula m 11: Error function

BTEX 3 \operatorname{erf}"{(k)}(z) = \frac{2 (-1)"{k-1}}{\sqrt{\pi}} \mathit{H}_{k
'-1}3(z) e~{-z"2} = \frac{2}{\sqrt{\pi}} \frac{d"{k-1}}{dz"{k-1}} \left(e"{-z
:“2}\right) ,\qquad k=1, 2, \dots

Semantic 3 \erf@e{(z)}"{(k)} = \frac{2 (-1)"{k-1}}{\sqrt{\cpi}} \HermitepolyH{k-1}e{z} \
ETEX texpe”{-z"2} = \frac{2}{\sqrt{\cpi}} \deriv [{k-1}1{ Hz}(\expe™{-z"2}) , \
1qquad k=1, 2, \dots

Mathematica:D[Erf [z], {z, k}] == Divide[2*(- 1)7(k - 1),Sqrt[Pil]l*HermiteH[k - 1, z]*Exp
' [~ (2)7(2)] == Divide[2,Sqrt[Pi]]*D[Exp[- (2)~ (2], {z, k - 1}]

Mapleidiff(erf(z), [z8%]) = (2%(- 1)~ (k - 1))/(sqrt(Pi))*HermiteH(k - 1, z)*exp(-
L(2)7(2) = (2)/(sqrt(Pi))*diff (exp(- (2)~(2)), [z$k - 11)

Translations Reason for Failure
Semantic | I Definition /! Pattern ! Derivatives/ ! Missing '
KIEX 3 CAS ' Substitution . Matching Primes ' Information . Untranslatable
v X - - - -

Explanation ‘erf(*) (z) was not understood as k-th derivative but as power.
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Tk =COS (M> )

12: Chebyshev polynomials

KIEX ' x_k = \cos\left (\frac{\pi(k+1/2)}{n}\right),\quad k=0,\ldots,n-1

Semanticix_k = \cos(\frac{\cpi(k + 1 / 2)}n}) , \quad k = 0 , \ldots , n - 1

Maple ' x[k] = cos((Pix(k + 1/2))/(n))

Translations Reason for Failure
Semantic | ‘ Definition / ! Pattern ! Derivatives/ ' Missing !
15502),¢ 3 CAS ! Substitution : Matching . Primes ' Information : Untranslatable
v v - - - -
Explanation —
! [e'e]
E(z,y;u) = Zun¢n(x) Yn(y)
| n=0
F 1 = ! 13: Hermite pol ial
ormula =) : Hermite polynomials
l—u(z+y)? 1+u(z—y)?
v exp | — —
! 1+wu 4 1—u 4

ETEXEE(X, y; w) := \sum_{n=0}"\infty u™n \, \psi_n (x) \, \psi_n (y) = \frac{i}{\
ysqre{\pi (1 - u”2)}} \, \exp\left(-\frac{1l - u}{1 + u} \, \frac{(x + y)~2}{4}

v = \frac{l + u}{1 - u} \, \frac{(x - y) 2}{4X}\right)

SemanticiE(x , ¥ 3 w : = \sum_{n=0}"\infty u™n \psi_n(x) \psi_n(y) = \frac{i}{\sqrt{\
ETEX rcpi(l - u™2)}} \exp(- \frac{l - u}{1 + u} \frac{(x + y)~2}{4} - \frac{l + u
M1 - ub \frac{(x - y)"2}4}

Mathematicaf\[CapitalEpsilon] [x_, y_, u] := Sum[(uw)~(n)* Subscript[\[Psi], n][x]*
i Subscript [\[Psi], nl[y], {n, O, Infinity}] == Divide[1,Sqrt[Pi*(1 - (u)~(2))
E]J*Exp[-Divide [1 - u,1 + ul*Divide[(x + y)~(2),4]-Divide[1l + u,1 - ul*Divide
VIx - y)7(2),4]1]

Maple ! Epsilon := (x, y, w) -> sum((w)"(n)* psiln] (x)* psilnl(y), n = 0..infinity)
'= (1)/(sqrt(Pix(1 - (W)~ (2))))*exp(-(1 - W)/ + W*((x + y)~(2))/(4)-1 + u
D/ - W - YT@)/ 4N

Translations Reason for Failure
Semantic | ‘ Definition / ! Pattern ! Derivatives/ ' Missing !
EIEX 3 CAS ! Substitution : Matching . Primes . Information . Untranslatable
v v - - - - -
Explanation -
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Formula 'z = +1 14: Legendre function

Mathematica | x == \[PlusMinus]1

Translations Reason for Failure
Semantic | 3 Definition / ! Pattern !Derivatives/! Missing !
KTEX ' CAS| Substitution : Matching:  Primes . Information: Untranslatable
v v - -
Explanation —
Formula ' E,, = 2"E,(3) 15: Bernoulli polynomials

Map]eieuler(n) = (2)"(n)* euler(n, (1)/(2))

Translations Reason for Failure

Semantic | + Definition / | Pattern |Derivatives/; Missing
KIEX CAS! Substitution | Matching: Primes . Information: Untranslatable

X Xx: - - -
Explanation 'Both E were detected as Euler’s number
P ' but the second E should have been Euler’s polynomial.
Formula Si(iz) = i Shi(z) 16: Trigonometric integral

Maple ‘ Si(I*x) = I*Shi(x)

Translations Reason for Failure
Semantic | Definition / ! Pattern !Derivatives/' Missing !
EIEX w CAS Substitution : Matching: Primes .Information. Untranslatable

X X - -
3 The noun integral was not tagged as a noun by CoreNLP. Hence, the

Explanation : macro for hyperbolic sine function was retrieved too late (low score) and
'not considered for replacement. Hence, the semantification failed.
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Formula ' f(z) = Bl 17: Beta function

BIEX | £ (2)=\frac{1}{\Beta(x,y)}

Semantic ' £(x, y) = \frac{1}{\EulerBeta0{x}{y}}

Mapleff = (x,y) -> (1)/(Beta(x, y))

Translations Reason for Failure
Semantic | 3 Definition / | Pattern ! Derivatives/! Missing !
KTEX ' CAS | Substitution : Matching.  Primes Information:  Untranslatable
X X R | :
Explanation : Thfe original fo?mula coTltfiinefi f (z) but should have been f(z, 2).
' This was fixed in the Wikipedia article after we generated the dataset.
o xmtl mtl
z"e™ dr = 1Fy " | iz™
m+1 1+ mTH 18: Fresnel

integral

IﬁIE?(i\begin{align}\int x"m e {ix"n}\,dx & =\frac{x"{m+1}}{m+1}\,_1F_1\left (\begin{
yarrayHHc} \frac{m+i}{nM\\1+\frac{m+i}t{n}\end{array}\mid ix"n\right) \\[6px]l&
3 =\frac{1}{n} i~\frac{m+1}{n}\gamma\left(\frac{m+1}{n},-ix"n\right),\end{

Semantic ' \begin{align}\int x"m \exp(\iunit x"n) \diff{x} &= \frac{x {m+1}}{m+1}\
EQI?(3genhyperF{1}{1}@{\frac{m+1}{n}}{1+\frac{m+1}{n}}{\iunit x"nH\\ &=\frac{1}{n}
. \iunit~{(m+1)/n} \incgamma®@{\frac{m+1}{n}}{-\iunit x"n}\end{align}

Mathematica ' Integrate[(x)~(m)* Exp[I*(x)~(n)], x] == Divide[(x)~(m + 1),m + 1]%*
3HypergeometricPFQ[{Divide[m + 1,nl]}, {1 +Divide[m + 1,n]}, I*(x)"(n)] ==
' Divide[1,n]*(I)"((m + 1)/n)* Gamma[Divide[m + 1,n], 0, - Ix(x)"(n)]

Maple cint ((x)"(m)* exp(I*(x)~(n)), x) = ((x)"(m + 1))/(m + 1)*hypergeom([(m + 1)/(
'm)], [1+(m+ /@], I*xx)" (@) = (1D/@*(D"((m + 1)/n)* GAMMA((m + 1)/(
1)) -GAMMA((m + 1)/(n), - Ix(x)~(n))

Translations Reason for Failure
Semantic | Definition / ! Pattern ! Derivatives/! Missing !
EIEX 1 CAS : Substitution : Matching .  Primes . Information. Untranslatable

X X - - -
3 The DLMF does not use the matrix (array environment) for the

Explanation . argument of 1 F;. Hence, no pattern exists that matches
' the hypergeometric function.
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T(1/2)vI— 22
—2)T(n+1/2)

19: Classical orthogonal polynomials

KIEX 3 T_n(x) = \frac{\Gamma(1/2)\sqrt{1-x"2}}{(-2) "n\,\Gamma (n+1/2)} \ \frac{d™n}{
»dx"n}\left ([1-x~2]"{n-1/2}\right)

Semantic \ChebyshevpolyT{n}@{x} \frac{\EulerGamma{1/2}\sqrt{1-x"2}}{(-2) "n\
ETEX EulerGamma{n+1/2}} \deriv [n]{ MHx}([1 - x"2]1"{n-1/2})

Mathematlca ChebyshevT[n, x] == Divide[Gamma[1/2]*Sqrt[1 - (x)~(2)],(- 2)"(n)* Gammal[n +
' 1/2]1xD[A - (727 (n - 1/2), {x, n}]

Maple}ChebyshevT(n, x) = (GAMMA(1/2)*sqrt(1 - (x)7(2)))/((- 2)"(n)* GAMMA(n + 1/2)
D*AIFE((L - (7@ - 1/2), [x$(n)1)

Translations Reason for Failure
Semantic | : Definition /! Pattern ! Derivatives/! Missing
EIEX CAS. Substltutlon . Matching . Primes Information. Untranslatable
x T | -

Explanation ' No information about the Gamma function in the context.

JIFO 1,,2 ZZ

Formula | n>0 20: Generalized hypergeometric function

Semantic : \genhyperF{1}{0}e{1}{}{z} = \sum_{n \gegslant 0} z"n = (1-z)"{-1}

Mathematica : HypergeometricPFQ[{1}, {}, z] == Sum[(z)~(n), {n, O, Infinity}] == (1 - z)~(-

Map]eihypergeom([l], [1, 2) = sum((2)"(n), n = O..infinity) = (1 - z)7(- 1)

Translations Reason for Failure
Semantic | : Definition /!  Pattern ! Derivatives /! Missing
KIEX 3 CAS | Substitution: Matching . Primes Information. Untranslatable
x X o I -
' Empty arguments currently does not match
Explanation PLy arg Y

. our semantic patterns (considered a bug).
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Formula ' x(—1) = 21: Dirichlet L-function

Maple !
Translations Reason for Failure
Semantic 3 3 Definition / | Pattern ! Derivatives/ ' Missing !
BIX [CAS Substitution Matching;  Primes \Information; Untranslatable
”””” v  ixioo- o 3 3 :

' x(—1) was translated to DirichletCharacter[1,k,-1].

Explanation ' This is not accurate, even though the only valid option for k is 1.
1 12,3
'Bi'(2) ~ 72463Z2
1 ﬁ
Formula | 5 1\ 3\ 22: Airy function
| 53 14 6n T+ 2 +§) (3)
= 1-6n 27! z3n/2

ETEX 3 \operatorname{Bi}’ (z)\sim \frac{z " {\frac{1}{4}}e {\frac{2}{3}z"{\frac
1{3}{2}}}}{\sqrt\pi\,}\1eft[ \sum_{n=0}"{\infty}\frac{1+6n}{1-6n} \dfrac{ \
3Gamma(n+\frac{5}{6})\Gamma(n+\frac{1}{6})\1eft(\frac{3}{4}\right)“n}{2\pi n!
' z~{3n/2}} \right]

Semantic \AiryBi’@{z} \sim \frac{z {\frac{1}{4}} \expe {\frac{2}{3}z {\frac{3}{2}}}}{\
BIEX . sqrt{\cpi}} [\sum_{n=0}"{\infty} \frac{1+6n}{1-6n} \frac{\EulerGamma@{n + \
, frac{5}{6}} \EulerGamma@{n + \frac{1}{6}}(\frac{3}{4}) n{2 \cpi n! z"{3n

,,,,,,,,,,,,,, A ..
Mathematica
Maple
Translations Reason for Failure
Semantic | 3 Definition / | Pattern ! Derivatives/ ' Missing !
EIEX CAS | Substitution . Matching . Primes . Information . Untranslatable
S R B R B

Explanation '\sim cannot be translated.
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Formula: F'(y) = 1 — 2yF(y) 23: Dawson function

Mathematica | D[DawsonF[yl, {y, 1}] == 1 - 2xy*DawsonF [y]

Maple 3 diff ( dawson(y), y$(1) ) = 1 - 2*y*dawson(y)

Translations Reason for Failure

'
'
'
T

' Definition / | Pattern |Derivatives/ Missing

CAS | Substitution : Matching .~ Primes  :Information

. The dependency graph did not capture a dependency to Dawson.
Explanation . . .
' Hence we did not retrieve the necessary semantic macro.

Formula s#1 24: Hurwitz zeta function

BTEX
Mathematica | s \otBquall 1
”””” Maple!
Translations Reason for Failure
Semantic | EDeﬁnition/} Pattern ! Derivatives /! Missing !
BIEX ; CAS:Substitution Matching: Primes Information, Untranslatable
”””” v v - oo :
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Formula ‘ q=¢e"" 25: Theta function

Maple 'a = exp(I*Pixtau)

Translations Reason for Failure
Semantic | Definition /! Pattern ! Derivatives/! Missing !
EIEX CAS ! Substitution . Matching . Primes . Information. Untranslatable
v iV - - e -
Explanation —
Formula - % dn(z) = —k?sn(2) cn(z) 26: Jacobi elliptic functions

ETEX  \frac{\mathrm{d}}{\mathrm{d}z} \operatorname{dn}(z) = - k™2 \operatorname{sn
' }(z) \operatorname{cn}(z)

Semantic 3 \deriv [1]{ }{z} \Jacobielldnk@@{(z)}{k} = - k™2 \Jacobiellsnke@e{(z)}{k} \
BIEX : Jacobiellcnke@ed{ (z) }{k}

Mathematica : D[JacobiDN[z, (k)~2]1, {z, 1}] == - (k)" (2)* JacobiSN[z, (k)"2]*JacobiCN[z, (

1 k)"2]

Maplefdiff(JacobiDN(z, k), [z$(1)]) = - (k)" (2)* JacobiSN(z, k)*JacobiCN(z, k)

Translations Reason for Failure
Semantic ! ‘ Definition /! Pattern ! Derivatives/! Missing !
ETEX ' CAS!Substitution: Matching | Primes Information: Untranslatable
2 B R R DI S
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Formulai r (1_ s k27r) 27: Incomplete gamma function

BEIEX ‘\int_{-\infty}~\infty \frac {\gamma\left(\frac s 2, z~2 \pi \right)} {(z"2 \
rpi)"\frac s 2} e"{-2 \pi i k z} \mathrm d z = \frac {\Gamma\left(\frac {1-s}
12, k"2 \pi \right)} {(k"2 \pi)~\frac {1-s} 2}

Semantic | \int_{-\infty} \infty \frac{\incgamma@{\frac s 2}{z"2 \cpi}}{(z"2 \cpi) "\frac
IgIE?(: s 2} \expe™{- 2 \cpi \iunit k z} \diff{z} = \frac{\incGamma@{\frac {1-s} 2}{
k"2 \cpi}}{ (k"2 \cpi) “\frac {1-s} 2}}

Mathematica : Integrate[Divide [Gamma[Divide[s,2], 0, (2)7(2)* Pil, ((2)"(2)* Pi)~(Dividel[s
',2])I1*Exp[- 2*Pi*I*k*z], {z, - Infinity, Infinity}] == Divide[Gamma[Divide[1
- s5,2], (B)7(2)* Pil, ((k)~(2)* Pi)~(Divide[l - s,2])]

Maple 3 int ((GAMMA ((s)/(2))-GAMMA((s)/(2), (2)~(2)* Pi))/(((2)~(2)* Pi)~((s)/(2)))*
'exp(- 2*PixIxk*z), z = - infinity..infinity) = (GAMMA((1 - s)/(2), (k)" (2)*
VP1))/(((k)~(2)* Pi)~((1 - 8)/(2)))

Translations ! Reason for Failure
Semantic | 3 Definition / | Pattern ! Derivatives /! Missing
EIEX ‘ CAS | Substitution: Matching: Primes . Information. Untranslatable
R T e -
Explanation —
Formula ' (2) = 28: Polylogarithm
BIEX | {1} =
Semantic 3 \polylog{1i}e{z} = -\lne{1-z}
EIEX
MathematicaiPolyLOg[i, z] = -Logll - z]
Mapleipolylog(l, z) = -1n(1 - z)
Translations Reason for Failure
Semantic | 5 Definition / ' Pattern ' Derivatives /! Missing
BIEX 3 CAS | Substitution : Matching:  Primes . Information. Untranslatable

X X
' Our math detection algorithm failed because the formula was not

Explanation : properly given in math notation. Instead, Li was
'given in plain text: Li<sub>-1</sub>("z").
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Formula ' [*°_sinc(t) e~/ dt = rect(f)

|
'
'

,,,,,,,,,,,,, Am e e e e e e e —m o

29: Sinc function

I‘_‘j('[‘EX:\int_{—\infty}ﬁ\infty \operatorname{sinc}(t) \, e {-i 2 \pi f t}\,dt =\

' operatorname{rect} (f)

Semantic 3 \int_{-\infty} \infty \operatorname{sinc}(t) \expe~{- \iunit 2 \cpi f t} \

BTEX diff{t} = \operatorname{rect}(f)

Map]e 3 int(sinc((t))*exp(~ I*2*Pixfxt), t = - infinity..infinity) = rect(f)

Translations Reason for Failure
Semantic ! ‘ Definition /!  Pattern ! Derivatives/! Missing !
ETEX : CAS | Substitution: Matching Primes . Information : Untranslatable

Reason for Failure

' Definition / |
CAS | Substitution :

Pattern
Matching

' Derivatives /! Missing

Primes Information : Untranslatable
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—~T(n+a+1)

:n_-O .
Formula _ #e*(x+y)t/(17t) 31: agugrre

| (1—¢)att polynomials

! Tyt

| F 1:

oY 1<’a+ (1 t)2)

Eﬂ}?{i\sum_{n=0}A\infty \frac{n!\,\Gamma\left (\alpha + 1\right)}{\Gamma\left (n+\
, alpha+1\right)}L_n~{(\alpha)}(x)L_n"{(\alpha)}(y) t"n=\frac{1}{(1-t) “{\alpha +

r 13rem{-(x+y) £/ (1-t)}\, OF_1\left (;\alpha + 1;\frac{xyt}{(1-t)"2}\right)
Senlanjic3\sum_{n=O}A\infty \frac{n! \EulerGamma@{\alpha + 1}}{\EulerGamma®@{n + \alpha
E§ﬁ§(l + 1}} \LaguerrepolyL[\alpha] {n}@{x} \LaguerrepolyL[\alpha]l{n}@{x} t™n = \
:frac{l}{(l—t)‘{\alpha + 1}} \expe~{-(x+y)t/(1-t)} \genhyperF{0}{1}@{}{\alpha

v+ 1\ frac{xyt}{(1-t)"2}}

Mathematica ' Sun[Divide[(n) !*Gamma [\ [Alphal+ 1],Gamma[n + \[Alphal+ 1]]*LaguerreL[n, \[
iAlpha], x]*LaguerreL[n, \[Alphal, x]*(t)"(n), {n, 0, Infinity}] == Divide
' [1,(1 - t)"(\[Alphal+ 1)]1*Exp[-(x + y)*t/(1 - t)]*HypergeometricPFQ[{}, {\[
' Alphal+ 1}, Dividelxsy*t,(1 - £)~(2)1]

Adap]e 3sum((factorial(n)*GAMMA(alpha + 1))/(GAMMA(n + alpha + 1))#*LaguerreL(n,
i alpha, x)*LaguerreL(n, alpha, x)*(t)~(n), n = 0..infinity) = (1)/((1 - t)"(
‘alpha + 1))*exp(-(x + y)*t/(1 - t))*hypergeom([], [alpha + 1], (x*y*t)/((1 -

L B)T@N
Translations Reason for Failure
Semantic | Definition / ' Pattern 'Derivatives/! Missing
EIEX CAS. Substitution .Matching: Primes . Information. Untranslatable
X X - I : -

Explanation 'No infos about the Gamma function in the context.

Formula ' ¢, = (—1)™ %;Z;: 32: Associated Legendre polynomials

IATEX : c_{Im} = (-1)"m \frac{(\ell-m)'}{(\ell+m)!'}

Sen]anticic_{lm} = (-1)"m \frac{(\ell-m)!'}{(\ell+m)!'}

MathematiCaESubscript[c, 1, m] == (- 1)~ (m)*Divide[(\[ScriptL]- m)!, (\[ScriptLl+ m)!]

Adap]e ic[l, m] = (- 1)~ (m)*(factorial(ell - m))/(factorial(ell + m))

Translations Reason for Failure
Semantic ! ; Definition / ' Pattern 'Derivatives/! Missing
BIX [ CAS; Substitution :Maiching; Primes . Information: Untranslatable
”””” v v o :
Explanation —
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Formula ' Gi(z) = L[5 sin (g + :ct) dt 33: Scorer’s function

EQI?(E\mathrm{Gi}(x) = \frac{1}{\pi} \int_O0"\infty \sin\left(\frac{t"3}{3} + xt\
i right)\, dt

Semantic : \ScorerGie{x} = \frac{1}{\cpi} \int_0"\infty \sin(\frac{t"3}{3} + xt) \diff{

Aﬁathernaiica:ScorerGi[x] == Divide[1,Pi]*Integrate[Sin[Divide[(t)~(3),3]+ x*t], {t, O,
' Infinity}]

Adaple3AiryBi(x)*(int(AiryAi(t), t = (x) .. infinity))+AiryAi(x)*(int (AiryBi(t), t
=0 .. (X)) = (1)/Pi)*int(sin(((£)"(3))/(3)+ x*t), t = 0..infinity)

Translations Reason for Failure
Semantic | Definition / ! Pattern ! Derivatives/ ! Missing
EIEX CAS ! Substitution : Matching . Primes ' Information: Untranslatable
v _vioo-n - e -
Explanation —

. 0? 2?2 — 42 — 02 Re[w(z
V(o) = w(z)
L Ox o oV 2w .

Formula 34: Voigt profile
| 20y Im[w(z)] 1
ot o\2n otm

I§IE?(3\frac{\partial“2}{\partia1 x72} V(x;\sigma,\gamma)= \frac{x"2-\gamma~2-\sigma
' "2H{\sigma~4} \frac{\operatorname{Re}[w(z)]}{\sigma\sqrt{2 \pi}}-\frac{2 x \
, gamma}{\sigma~4} \frac{\operatorname{Im}[w(z)]}{\sigma\sqrt{2 \pi}}+\frac{\
:gamma}{\sigmaA4}\frac{1}{\pi}

Sen1antici\deriv[2]{}{x} V(x ; \sigma , \gamma) = \frac{x"2-\gamma~2-\sigma~2}{\sigma
Eﬂ19(3A4} \frac{\realpart [\Faddeevaw@{z}]}{\sigma \sqrt{2 \cpi}} - \frac{2 x \
' gamma}{\sigma~4} \frac{\imagpart [\Faddeevaw@{z}]}{\sigma \sqrt{2 \cpi}} + \
. frac{\gamma}{\sigma~4} \frac{1}{\cpi}

Mathematica ' DIPDF [VoigtDistribution[\ [Gamma]l, \[Sigmall, x], {x, 2}] == Divide[x"2 - \[
iGamma]‘Q - \[Sigmal~2, \[Sigmal~4] * Dividel[ Re[ Exp[-(Divide[x+Ix*y,\[Sigma
1 1*Sqrt [2]1]1) “2] *Erfc [-I*(Divide [x+I*y,\ [Sigmal*Sqrt[211)] 1, \[Sigmal*Sqrt [2*
iPi]] - Divide[2*x*y, \[Sigmal~4] * Divide[Im[Exp[-(Divide[x+I*y,\[Sigma]*
' Sqrt[2]]) 2] *Erfc[-I*(Divide [x+I*y,\[Sigmal*Sqrt[2]11)]1], \[Sigmal*Sqrt [2*Pi
111 + Divide[\[Gamma],\[Sigma] “4]*Divide[1,Pi]

Maple !
Translations Reason for Failure
Semantic | Definition / ! Pattern ! Derivatives/ ! Missing
EIEX ‘ CAS ! Substitution : Matching . Primes ' Information . Untranslatable
v ixD - - e
. 1 The Voigt profile does not exist in the DLMF. Hence, no translatable
Explanation

' macro exists for V (z; g, 7).
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' S
! (2,5,0) 1—za®
' N—-1 .
Formula: + Z (=1)"Li_n(2) (8)n 35: Lerch zeta function
: ! nl an+s
| n=
+0(a=N79)

IﬁIE?(:\Phi(z,s,a) = \frac{1}{1-z} \frac{i1}{a"{s}} + \sum_{n=1}"{N-1} \frac{(-1) {n}
: \mathrm{Li}_{-n}(z)Hn!'!} \frac{(s)_{n}}{a"{n+s}} +0(a~{-N-s})

Semantic 3 \Phi(z , s , a) = \frac{1}{1-z} \frac{i1}{a"{s}} + \sum_{n=1}"{N-1} \frac{(-1)
BTEX . “{n} \polylog{-n}@{z}}{n!} \frac{\Pochhammersym{s}{n}}{a"{n+s}} + \big0{a"{-
' N-s}}

Adat}lenlatjca.i\[CapitalPhi][z, s, a] == Divide[1,1 - z]*Divide[1,(a)~(s)]+ Sum[Divide[(-
1 1) (n)* PolyLog[-n, z],(n)!]*Divide[Pochhammer([s, n],(a)"(n + s)], {n, 1, N -

Maple
Translations Reason for Failure
Semantic ! ; Definition / ! Pattern ' Derivatives /! Missing !
BIX | CAS:Substitution; Matching | Primes Information; Untranslatable
7777777 X X - : R

Semantic ' \KummerconfhyperMe{1}{2}{z} = (\expe~z - 1) / z , \KummerconfhyperMo{1}{3}{z}

Mathematica ' HypergeometriciF1i[1, 2, z] == (Explz]l- 1)/z HypergeometriciF1i[1, 3, z] ==
L (2) tx(Explz]- 1 - 2)/(2)7(2)

N{apleiKummerM(l, 2, z) = (exp(z)- 1)/z; KummerM(1, 3, z) = factorial(2)*(exp(z)- 1

v = 2)/(2)7(2)
Translations Reason for Failure
Semantic | I Definition / ! Pattern ' Derivatives /! Missing !
BIEX 3 CAS | Substitution. Matching . Primes . Information: Untranslatable
A A T -
Explanation -
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Formula ‘ o==+1 37: Mathieu function

Maple 3 sigma = &+- 1

Translations Reason for Failure
Semantic | ‘ Definition /! Pattern ! Derivatives/! Missing !
15802),¢ CAS ! Substitution . Matching .  Primes . Information. Untranslatable
v v - -
Explanation —
g2 ~
Formula % + (dzz + bz + 6) f= 38: Parabolic cylinder function

Maple !
Translations Reason for Failure
Semantic | Definition /! Pattern ! Derivatives/! Missing !
EIEX ‘ CAS ! Substitution . Matching .  Primes . Information. Untranslatable
v X - - - : -
Explanation ‘ ODEs are currently not translatable.
P 'In addition, f hides the argument f(z).
Formula ' ¢ = 0o 39: Painlevé transcendents
KIEX » c=\infty
Semantic | c=\infty
EIEX
Mathematica ; ¢ == Infinity
Maple 3 c = infinity
Translations Reason for Failure
Semantic ! ; Definition /! Pattern !Derivatives/! Missing !
KIEX 3 CAS | Substitution: Matching . Primes :Information. Untranslatable
v A R :
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Formula'c=a + 1 40: Hypergeometric function

Mathematica c == a + 1

Translations Reason for Failure
Semantic | ‘ Definition / | Pattern ! Derivatives/, Missing !
ETEX ' CAS|Substitution: Matching: Primes :Information: Untranslatable
v v - o -
Explanation —
Formulai ﬁ = 2" [, {(1 + %) e_z/k’} 41: Barnes G-function

ETEX 3 \frac{1}{\Gamma(z)}= z e"{\gamma z} \prod_{k=1}"\infty \left\{ \left(1+\frac{
s zHkI\right)e~{-z/k} \right\}

Semantic \frac{1}{\EulerGamma@{z}} = z \expe"{\EulerConstant z} \prod_{k=1}"\infty
KX M@ + \frac{z}{k}) \expe™{-z/k} \}

Mathematica ' Divide[1,Gamma[2z]] == z*Exp[EulerGamma*z]*Product[(1 +Divide[z,k])*Exp[- z/k
'1, {k, 1, Infinity}]

Maple 3 (1)/(GAMMA(z)) = zxexp(gamma*z)*product((1 +(z)/(k))*exp(- z/k), k = 1..

| infinity)
Translations Reason for Failure
Semantic | ; Definition / ! Pattern ! Derivatives/! Missing !
KIEX ' CAS|Substitution: Matching: Primes :Information: Untranslatable
v v - - e -
Explanation —
Formula:192/24 = 8 = 2 x 4 42: Heun function
BIEX 1192/24 = 8 = 2 \times 4
Semantic 3 192/24 = 8 = 2 \times 4
BTEX
Mathematica ; 192/24 == 8 == 2 * 4
Map163192/24 =8 =2 % 4
Translations Reason for Failure
Semantic | Definition / ! Pattern ! Derivatives/! Missing !
BEIEX CAS | Substitution : Matching:  Primes . Information. Untranslatable
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Formula ‘ = 43: Gegenbauer polynomials

Maple ‘ alpha = 2

Translations Reason for Failure
Semantic | Definition / ! Pattern ! Derivatives/! Missing !
EIEX CAS | Substitution : Matching:  Primes . Information. Untranslatable
X ix:o- - - :
.1 The formula was not properly detected in a caption text of a
Explanation . . . .

'figure because a = 2 was given in plain text (UTF-8 encoded).
1 q* " q* Ltk
im s . — itk=,
Lg—1 i qb1 qb2 o qbk 10, (g ) 44: Basic

Formula . hypergeo-
1 ar a2 ... aj metric series
} = jlac ;2
l bi b by

EQI?(i\lim_{q\to 13\; _{j}\phi_k \left[\begin{matrix} q~{a_1} & q"{a_2} & \ldots &
rq™{a_j} \\ q7{b_1} & q"{b_2} & \ldots & q {b_k} \end{matrix} ; q,(q-1)"{1+k-
1§} z \right]l=\;_{j}F_k \left[\begin{matrix} a_1 & a_2 & \ldots & a_j \\ b_1
‘& b_2 & \ldots & b_k \end{matrix} ;z \right]

Senlantici\lim_{q\to 1} \ggenhyperphi{j}{k}@{q~{a_1} , q"{a_2} , \ldots , q"{a_j}}q"{
ETEXJb_l} , @7{b_2} , \ldots , q {b_k}}{q}{(q - 1)"{1+k-j} z} = \genhyperF{j}{k}e
:{a_l , a_2 , \ldots , a_jHb_1 , b_2 , \ldots , b_k}{z}

Mathematica
Maple !
Translations Reason for Failure
Semantic ! ‘ Definition / ! Pattern ! Derivatives/! Missing !
KTEX CAS!Substitution ' Matching: Primes :Information: Untranslatable

Explanation An indefinite length of arguments is not translatable.
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52

‘ —
Formula ?57"“2“ + (—% + g + 1/4272“> w = 45: Whittaker function

MathematicaiD[w, {z, 2}]+(-Divide[1,4]1+Divide[\[Kappal ,z]+Divide[1/4 - \[Mul~(2),(z)"~(2)

1) *w ==

Maple 3 diff(w, [28(2)1)+(-(1)/(4)+(kappa)/(2)+(1/4 - (mu)~(2))/((2)"(2)))*w = 0

Translations Reason for Failure
Semantic | 3 Definition / ! Pattern ! Derivatives/, Missing !
EIEX CAS | Substitution : Matching .  Primes . Information. Untranslatable
v v - | - | - | - | -
Explanation —
Formula ‘ e1 = %, er =0, e3 = —% 46: Lemniscatic elliptic function
ETEX . e_1=\tfrac12,\qquad e_2=0,\qquad e_3=-\tfraci12
Semantic 3 e_1=\tfrac12,\qquad e_2=0,\qquad e_3=-\tfracl2
KIEX!
Mathematica : Subscriptle, 1] == Divide[1,2] Subscriptl[e, 2] = O Subscriptle, 3] = -Divide
r[1,2]
Map]eie[l] = (1)/(2); el2] := 0; e[3] := -(1)/(2)
Translations Reason for Failure
Semantic | Definition / ! Pattern ' Derivatives/! Missing !
BEIEX w CAS | Substitution : Matching:  Primes . Information. Untranslatable

2 R T

' A bug in BCaST causes issues when handling multiple equations in one

Explanation . formula. Here, only the first equation was properly translated. The
' other two were ignored by BCasT.
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Formula ‘ ¥y>0n—p=m-—q>0 47: Meijer G-function

Mapleigamma>0;n—p=m—q>0

Translations Reason for Failure
Semantic ! ; Definition / ! Pattern ! Derivatives/! Missing !
BIEX | CAS Substitution Matching: _Primes Information; ~Untranslatable
7777777 v v :
Explanation -

Formula: \ym m/ m 0 m 48: 3-j symbol

ETEX . \begin{pmatrix} j \\ m \quad m’\end{pmatrix}:= \sqrt{2 j + 1}\begin{pmatrix}
"'j&0& j\\m& O & m’\end{pmatrix}= (-1)"{j - m’} \delta_{m, -m’}

Semantic 3 \begin{pmatrix} j \\ m \quad m’\end{pmatrix}:= \sqrt{2 j + 1}\begin{pmatrix}
ETEX: j&0& j\\m&O & m’\end{pmatrix}= (-1)"{j - m’} \delta_{m, -m’}

Mathematica : Wigner[j_, m_, m\[Primel_] := Sqrt[2*j+1]1 * {{j, 0, j}, {m, 0, m\[Primel}} =

Maple
Translations Reason for Failure
Semantic | ‘ Definition / ! Pattern ! Derivatives/! Missing !
EIEX CAS | Substitution : Matching:  Primes . Information. Untranslatable

Explanation ' BCaST does not support matrix translations yet.
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Formula ! = (5™ 49: 6-j symbol

IﬁIE?(E\begin{Bmatrix} i& j & \ell\\ k & m & n \end{Bmatrix}= (\Phi_{i,j} {k,m})_{\
lell,n}

Semantic ' \Wignersixjsym{i}{jH\el1}{kHm}n} = (\Phi_{i,j} {k,m})_{\ell,n}

BIEX
Mathematica 3
Maple
Translations Reason for Failure
Semantic | 3 Definition / ! Pattern ' Derivatives /| Missing
EIEX CAS | Substitution . Matching .  Primes . Information Untranslatable

Explanation ' This is a definition. Definition of matrix functions are not translatable.

| ji g2 gs| [dr J2 g3
2@+ D)@+ 1) $ds s dopYda ds d
Formula: 778 gr s dol lir ds Jo 50: 9-j symbol

Oisisdiois Lt de s} {i s do}{is Js do}

BIEX  \sun_{j_7 j_8} (2j_7+1)(2j_8+1) \begin{Bmatrix} j_1 & j_2 & j_3\\ j_4 & j_5
:& j_6\\ j_7 & j_8 & j_9 \end{Bmatrix} \begin{Bmatrix} j_1 & j_2 & j_3°\\ j_4
"% j_5 & j_6°\\ j_7 & j_8 & j_9 \end{Bmatrix} = \frac{\delta_{j_3j_3’}\delta
:_{j_Gj_G’} \begin{Bmatrix} j_1 & j_2 & j_3 \end{Bmatrix} \begin{Bmatrix} j_4
3 & j_5 & j_6\end{Bmatrix} \begin{Bmatrix} j_3 & j_6 & j_9 \end{Bmatrix}} {(2
1 §_3+1) (2j_6+1)}

Semantic ' \sun_{j_7 j_8} (2j_7+1)(2j_8+1) \Wignerninejsym{j_1}{j_2}{j_3Hj_4}{j_5}{j
Eq19(3_6}{j_7}{j_8}{j_9} \Wignerninejsym{j_1}{j_2}{j_3’}j_4M{j_53{j_6>Hj_7}{j
:_8}{j_9} = \frac{\delta_{j_3j_3’}\delta_{j_6j_6’} \begin{Bmatrix} j_1 & j_2
& j_3 \end{Bmatrix} \begin{Bmatrix} j_4 & j_5 & j_6\end{Bmatrix} \begin{
'Bmatrix} j_3 & j_6 & j_9 \end{Bmatrix}}{(2j_3+1)(2j_6+1)}

Mathematica
Maple !
Translations Reason for Failure
Semantic | 3 Definition / | Pattern ' Derivatives /! Missing !
ETEX ' CAS|Substitution: Matching: Primes . Information . Untranslatable
X - - I :

Explanation Mistakenly interpreted as Wigner’s 6 — j rather than Wigner’s 9 — j symbol.
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k
Ki(win,q) = > (= (a = 1)*

[0

KIEX 3 \mathcal{K}_k(x; n,q) = \sum_{j=0}"{k}(-q)~j (q-1)"{k-j} \binom {n-jI{k-j} \
'binom{x}{j}

Semantic ; \KrawtchoukpolyK{k}@{x}{n}{q} = \sum_{j=0}"{k}(-q)~j (q-1)~{k-j} \binom {n-j
KETEX ' }{k-j} \binom{x}{j}

Mathematica  Kk_, x_, n_, q_] := Sun[(- @)"(jD*(q - 1)"(k - j)*Binomialln - j,k - jl*
'Binomiallx,jl, {j, 0, k}]

51: Kravchuk polynomials

Maple !
Translations Reason for Failure
Semantic | Definition / ! Pattern ' Derivatives/! Missing !
EIEX ‘ CAS  Substitution : Matching:  Primes . Information. Untranslatable
x  itx: - - - 1 -
. +Synonym issue. The DLMF spells the Mathematician
Explanation g

. Krawtchouk but Wikipedia uses Kravchuk.
) sin (ko /4 k . .

Formula 91 () = >k>1 % [ (20—1)2 52: Kelvin functions

I@TEXEg_l(x) = \sum_{k \geq 1} \frac{\sin(k \pi / 4)H{k! (8x)"k} \prod_{1 = 1}k
(21 - 1)72

Semantic 1g_1(x) = \sum_{k \geq 1} \frac{\sin(k \cpi / 4)}{k! (8x)"k} \prod_{1 = 1}°k
BIEX | (21 - D72

Mathematica | Subscript[g, 11[x_] := Sum[Divide[Sin[k*Pi/4], (k) !*(8*x)~ (k)]*Product[(2*1 -
T2, {1, 1, ¥k}, {k, 1, Infinity}]

Mapleig[l] := (x) -> sum((sin(k*Pi/4))/(factorial (k)*(8*x)~(k))*product ((2*1 - 1)
1"(2), 1 =1..%), k = 1..infinity)

Translations Reason for Failure
Semantic ! I Definition / ! Pattern 'Derivatives /! Missing
15502),¢ 3 CAS | Substitution : Matching:  Primes . Information. Untranslatable

Explanation ' We did not detect it as a definition
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56

_ poip (PEVELN R (pmv AL
S/L;V(Z) Su,u(z) +2 r < 92 r 9 53: Lommel

(sin {(,u - 1/)721 Jy(z) — cos [(,u - V);r] Yy(z)> function

ETEX 3 S_{\mu,\nu}(z) = s_{\mu,\nu}(z) + 2°{\mu-1} \Gamma\left(\frac{\mu + \nu +
13{2X\right) \Gamma\left(\frac{\mu - \nu + 1}{2}\right)\left(\sin \left[(\mu
'~ \nw)\frac{\pi}{2N\right] J_\nu(z) - \cos \left[(\mu - \nu)\frac{\pi}{2}\

yright] Y_\nu(z)\right)

Semantic | \Lomme1S{\mu}{\nu}e{z} = \Lommels{\mu}{\nu}e{z} + 2~{\mu-1} \EulerGamma@{\
ETEX 3 frac{\mu + \nu + 1}{2}} \EulerGamma@{\frac{\mu - \nu + 1}{2}}(\sin [(\mu - \
vnu) \frac{\cpi}{2}] \BesselJ{\nu}e{z} - \cos [(\mu - \nu) \frac{\cpi}{2}] \
3 BesselY{\nu}e@{z})

Mathematica 3 S[\[Mu]l_, \[Nul_, z_] := Divide[Pi,2]*(BesselY[\[Nul, z]*Integrate[(x)~\[Mu
. 1% BesselJ[\[Nul, x], {x, 0, z}]- BesselJ[\[Nul, z]*Integratel[(x)~\[Mu]x*
3 BesselY[\[Nul, x], {x, 0, z}]) + (2)"(\[Mul- 1)* Gamma[Divide[\[Mul+ \[Nu]+
1 1,2]]1*Gamma [Divide [\ [Mul- \[Nul+ 1,2]1%(Sin[((\[Mul- \[Nul)*Divide[Pi,2])*]*
3 BesselJ[\[Nu], z]- Cos[((\[Mul- \[Nul)#*Divide[Pi,2])*]*BesselY[\[Nul, z])

Maple 3 LommelS1(mu, nu, z) = (Pi)/(2)*(BesselY(nu, z)*int((x)” (mu)* BesselJ(nu, x),

L x =0..2)- BesselJ(nu, z)*int((x)~ (mu)* BesselY(nu, x), x = 0..z))

Translations Reason for Failure
Semantic ! ; Definition / ! Pattern !Derivatives /' Missing !
BIEX 3 CAS | Substitution : Matching .  Primes . Information . Untranslatable
X xro- - - -

Explanation No information about the Gamma function in the context.
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Za+4

20/l (a + %) 54: Struve function
- 1F2 (17%7a+ %7_%)

IﬁIE?(i\mathbf{H}_{\alpha}(z) = \frac{z"{\alpha+1}}{2"{\alpha}\sqrt{\pi} \Gamma \
| left (\alpha+\tfrac{3}{2} \right )} {}_1F_2 \left (1,\tfrac{3}{2}, \alpha+\
' tfrac{3}{2},-\tfrac{z"2}{4} \right )

Sen]anticE\StruveH{\alpha}@{z} = \frac{z"{\alpha+1}}{2"{\alpha} \sqrt{\cpil} \
Eq%?(:EulerGamma@{\alpha + \tfrac{3}{2}}} \genhyperF{1}{2}e{1}{\tfrac{3}{2}, \
'alpha + \tfrac{3}{2}}{- \tfrac{z"2}{4}}

MathematicaiStruveH[\ [Alphal, z] == Divide[(z)~(\[Alphal+ 1), (2)~\[Alphal*Sqrt[Pi]*Gamma
1[\[Alpha]+Divide[3,2]]]*HypergeometricPFQ[{l}, {Divide[3,2], \[Alpha]+Divide
' [3,2]1}, -Divide[(z)~(2),4]1]

AdapleEStruveH(alpha, z) = ((z)~(alpha + 1))/((2)"(alpha)*sqrt(Pi)*GAMMA (alpha +(3)
1 /(2))) *hypergeom([1], [(3)/(2), alpha +(3)/(2)1, -((2)7(2))/(4))

3 H,(2)
Formula

Translations Reason for Failure

Semantic | ' Definition / | Pattern |Derivatives/; Missing
3 CAS | Substitution . Matching .  Primes . Information

R A R L

' The arguments of | I are split by commas which is
Explanation | wrong (ambiguous) in Wikipedia. One must use semicolon to split the
rarguments. Hence, our patterns did not match.

Formula: f(t 4+ p) = f(t) 55: Hill differential equation

Mapleif(t + p) = £(t)

Translations Reason for Failure
Semantic ! 5 Definition / ! Pattern 'Derivatives /! Missing '
15502),¢ 3 CAS | Substitution : Matching .  Primes . Information. Untranslatable
v v - - e :
Explanation -
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58

! TV — (—1)kz2k
' J —

Jdz) =cos kZ:O AT(k+ 5+ 1)T(k— 5 +1)
Formulai 0o (—1)ks2k+1

56: Anger
function

+sin =Y

BIEX 3 \mathbf{J}_\nu(z)=\cos\frac{\pi\nu}{2}\sum_{k=0}"\infty\frac{(-1) "kz"{2k}}{4"~
| k\Gamma\left (k+\frac{\nu}{2}+1\right) \Gamma\left (k-\frac{\nu}{2}+1\right) }+\
3 sin\frac{\pi\nu}{2}\sum_{k=0}"\infty\frac{(-1) "kz"{2k+1}}{2"{2k+1}\Gamma\left
i (k+\frac{\nu}{2}+\frac{3}{2}\right) \Gamma\left (k-\frac{\nu}{2}+\frac{3}{2}\

Semantic 3 \AngerJ{\nu}@{z}=\cos\frac{\cpi\nu}{2\sum_{k=0}"\infty\frac{(-1)"k z"{2k
ETEX 3 }}{4"k\EulerGamma@{k+\frac{\nu}{2}+1}\EulerGamma@{k-\frac{\nu}{2}+1}}+\sin\
 frac{\cpi\nu}{2}\sum_{k=0}"\infty\frac{(-1) "k z~{2k+1}}{2"{2k+1}\EulerGamma@{
3 k+\frac{\nu}{2}+\frac{3}{2}}\EulerGamma@{k-\frac{\nu}{2}+\frac{3}{2}}}

Mathematica 3 AngerJ [\ [Nul,z]==Cos [Divide [Pi*\ [Nul,2]]*Sum[Divide [(-1)~ (k) *(z) " (2*k), (4)~(
| k) *Gamma [k+Divide [\ [Nu] ,2]+1] *Gamma [k-Divide [\ [Nul ,2]+111,{k,0, Infinity}]+
3 Sin[Divide[Pix\ [Nu],2]]1*Sum[Divide [(-1)~ (k) *(z)~ (2*xk+1), (2) ~(2*k+1) *Gamma [k+
' Divide [\ [Nu] ,2]+Divide[3,2]] *Gamma [k-Divide [\ [Nu] ,2] +Divide[3,2]1],1k,0,
3 Infinity}]

Map]eiAngerJ(nu, z) = cos((Pi*nu)/(2))*sum(((- 1)~ (k) * (z)~(2*k))/((4)~(k)* GAMMA(
'k +(nu)/(2)+ 1)*GAMMA(k -(nu)/(2)+ 1)), k = O. .infinity)+ sin((Pi*nu)/(2))*
ism(((- D7&)* (2)7(2xk + 1))/((2)7(2%k + 1)* GAMMA(k +(nu)/(2)+(3)/(2))*

' GAMMA (k -(nu)/(2)+(3)/(2))), k = 0..infinity)

Translations Reason for Failure
Semantic ! ; Definition / ! Pattern !Derivatives /' Missing !
KIEX 3 CAS | Substitution : Matching .  Primes . Information . Untranslatable
R -

Explanation No information about the Gamma function in the context.

Formula3 (Ec)aye = (Ec) =0,

1 (Es)y = (Es)y =

BTE)(: (\operatorname{Ec})~’_{2K} = (\operatorname{Ec})~’_0 = 0, \;\; (\
ioperatorname{Es})"_{m(} = (\operatorname{Es})~’_0 = 0

57: Lamé function

Semantic 3 (\operatorname{Ec}) _{2K}~’ =(\operatorname{Ec})_0~’ = 0 , (\operatorname{Es})
ETEX . _{2k}~’ =(\operatorname{Es})_0~’ = 0

Mathematica
Maple |
Translations Reason for Failure
Semantic | I Definition / ! Pattern ' Derivatives /! Missing !
BIEX 3 CAS | Substitution : Matching:  Primes . Information . Untranslatable

Explanation ' Not translatable for human annotator.
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58: Gauss—
Hermite quadrature

Sen]antic3\int_{—\infty}‘{+\infty} \expe~{-x"2} f(x) \diff{x} \approx \sum_{i=1}"n w_i

KTREX o f(x_1)
Mathematica |
Maple
Translations Reason for Failure
Semantic | Definition / ! Pattern ! Derivatives/ | Missing !
EIEX CAS ' Substitution . Matching . Primes . Information . Untranslatable
7
Explanation ' Not translatable for human annotator.
1 ; ; : Askey—
Formula . ¢ " abedg™ ' ae?  ae™" ) 59: As Y
L 43 :q,q Wilson polynomials
l ab ac ad

LﬁIE?(ip_n(x;a,b,c,dlq) =(ab,ac,ad;q) _na"{-n}\;_{4}\phi_3 \left[\begin{matrix} q~{-
'n}eabedq”{n-1}&ae”{i\thetat&ae {-i\theta} \\ abkac&ad \end{matrix} ; q,q \
, right]
Semantic 3 \AskeyWilsonpolyp{n}@{x}{a}{b}{c}{d}{q} = \gmultiPochhammersym{ab , ac , ad
EQI?(E}{q}{n} a~{-n} \qgenhyperphi{4}{3}@{q~{-n} , abcdq™{n-1} , a\expe~{\iunit\
. theta} , a\expe {-\iunit\theta}}{ab , ac , ad}{q}{q}

Mathematica ' pln_, x_, a_, b_, c_, d_, gq_1 := Product[QPochhammer [Part[{a*b , a*c , axd},
:i],q,n],{i,l,Length[{a*b , axc , axd}]}]*(a)” (- n)* QHypergeometricPFQ[{(q)

. 7(= n), axbxc*d*(q) " (n - 1), a*Exp[I*\[Thetall, a*Exp[- I*\[Thetalll},{a*b ,
axc , a*d},q,q]

Maple
Translations Reason for Failure
Semantic ! ; Definition / ! Pattern ! Derivatives/ | Missing !
BIEX | CAS Substitution Matching:  Primes - Information. Untranslatable
7777777 X X - - - -

Explanation Unable to retrieve Askey-Wilson poylnomial from the context.
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60

Qn(z;0,8,N)
Formula ; =3B (—n,—zx,n+a+ 5+ 1; 60: Hahn polynomials
 a+1,-N+1;1).

ETEX 3 Q_n(x;\alpha,\beta,N)= {}_3F_2(-n,-x,n+\alpha+\beta+1;\alpha+1l,-N+1;1).

Semantic 3 \HahnpolyQ{n}@{x}{\alpha}{\beta}{N} = \genhyperF{3}{2}e{- n , - x , n + \
KETREX alpha + \beta + 1}{\alpha + 1 , - N + 1}{1}

Mathematica | Q[n_, x_, \[Alphal_, \[Betal_, N_] := HypergeometricPFQ[{- n , - x , n + \[
' Alphal+ \[Betal+ 1}, {\[Alphal+ 1 , - N + 1}, 1]

Maple
Translations Reason for Failure
Semantic | ; Definition / ! Pattern 'Derivatives/' Missing
BIEX 3 CAS | Substitution  Matching ©  Primes :Information: Untranslatable
v X R R
Explanation ‘ Hahn polynonr.lials' are not s'u.pported by Mathematica
» and this equation is a definition.
P M"E
Y —Cp(x; ) Cop (x5
Formula xz:% ! (@ ) Cm {5 1) 61: Charlier polynomials

=p "ePnldpm, p >0

KIEX 3 \sum_{x=0}"\infty \frac{\mu"x}{x'} C_n(x; \muw)C_m(x; \mu)=\mu~{-n} e“\mu n! \
. delta_{nm}, \quad \mu>0

Semantic ' \sum_{x=0}"\infty \frac{\mu"x}{x!} \CharlierpolyC{n}e{x}{\mu} \CharlierpolyC{
ETEX:m}(Q{x}{\mu} = \mu"{-n} \expe \mu n! \delta_{nm} , \quad \mu > 0

Mathematica 3 Sum[Divide [\ [Mu]l "x, x!] * HypergeometricPFQ[{-n, -x}, {}, -Divide[1,\[Mull]
' * HypergeometricPFQ[{-m, -x}, {}, -Divide[1,\[Mul]], {x, O, Infinity}] == \[
' Mu] ~ (-n) *Exp [\ [Mu] 1 #n! *Subscript [\ [Deltal, n, m]

Maple
Translations Reason for Failure
Semantic | ; Definition / ! Pattern 'Derivatives/' Missing
BIEX 3 CAS | Substitution . Matching Primes . Information. Untranslatable

Explanation Unable to retrieve Charlier polynomial from the context.
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pnla™" + ¢ eds a,b, ¢, ds q)
1 . O- h
Formula . q abg™tt g gotled 62: Q-Raca

—n

= 4¢3 ¢ q polynomials

BTEX rp_n(q~{-x}+q"{x+1}cd;a,b,c,d;q) = {}_4\phi_3\left[\begin{matrix} q~{-n} &abq
: “{n+1}&q"{-x}&q " {x+1}cd\\ag&bdq&cq\\ \end{matrix};q;q\right]

Semantic 3 \gRacahpolyR{n}@{q {-x} + q~{x+1} cd}{a}{b}{c}{d}{q} = \ggenhyperphi{4}{3}e{
ETExlq“{—n}, abq~{n+1}, q"{-x}, q"{x+1}cd}{aq , bdq , cq}{q}{q}

Mathematica ‘
77777777 Maple:
Translations Reason for Failure
Semantic 3 iDeﬁnition/} Pattern | Derivatives/ ! Missing !
BIEX [CAS Substitution Matching, _ Primes Information  Untranslatable
R

. . Since this is not a definition and g-Recah polynomials are not
Explanation . . L .
' supported by Mathematica, a translation is infeasible.

! z. A 63: Q-Charlier
polynomials

KIEX : / 2}
Mathematica |
Maple
Translations Reason for Failure
Semantic | Definition / ! Pattern !  Derivatives/ ! Missing !
15302)¢ CAS ! Substitution : Matching . Primes . Information . Untranslatable
v - - e - -

Explanation 3 Same as 62: g-Charlier polynomials are not supported by Mathematica.
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62

: - n\ (z
‘M (z, B,y) = —1)k
Formula ! (=5.7) kz:‘;( ) <k> <k> 64: Meixner polynomials

kwlj+'ﬁ)n—k7_k

L§IE?(EM_n(x,\beta,\gamma) = \sum_{k=0}"n (-1) "k{n \choose k}{x\choose k}k! (x+\beta)
:_{n-k}\gamma‘{-k}

Sen]anjic3\MeixnerpolyM{n}@{x}{\beta}{\gamma} = \sum_{k=0}"n(- 1) "k{n \choose k}{x\
Eq%p(lchoose k} k! \Pochhammersym{x + \beta}{n-k} \gamma~{-k}

Adat}1enjatica,3M[n_, x_, \[Betal_, \[Gamma]_] := Sum[(- 1)~ (k)#*Binomial[n,k]*Binomial [x,k
: 1% (k) ! xPochhammer [x + \[Betal, n - k]*\[Gamma]l (- k), {k, 0, n}]

Maple
Translations Reason for Failure
Semantic | 5 Definition / ! Pattern ' Derivatives/ ' Missing !
KIEX 3 CAS 3 Substitution 3 Matching 3 Primes 3 Information 3 Untranslatable
******* x ix - - e
Explanation Unable to retrieve Meixner polynomial from the context.
Formulai +[c—(a+by + 1)$](9Fla(i,y) 65: Appell series
blyaFla(;’ v _ abiFy(x,y) =0

EHIQ(1x(1-x)\frac{\partial‘2F_1(x,y)}{\partial x72} + y(1-x)\frac{\partial 2F_1(x,y
3)}{\partia1 x\partial y} + [c-(a+b_1+1)x]\frac{\partial F_1(x,y)}{\partial x
' }-b_1 y\frac{\partial F_1(x,y)}{\partial y}-a b_1 F_1(x,y)=0

Semantic : x(1-x) \deriv[2]{\AppellF{1}e{a}{b_1}{b_2}{\gamma}{x}{y}}{x} + y(1-x) \frac{\
KIEX pdiff [2]{\AppellF{1}e{a}{b_1}{b_2}{\gamma}{x}{y}}H\pdiff{xF\pdiff{y}} + [c -
(at+b_1+1) x] \deriv[1]1{\AppellF{1}e{a}{b_1}{b_2}{\gamma}{x}{y}}{x} - b_1 y
\deriv[1]{\AppellF{1}@{a}{b_1}{b_2}{\gamma}{x}{y}}{y} - a b_1 \AppellF{1}@{a
Hb_1}{b_2}{\gamma}{x}{y} = 0

Mathematica ' x*(1-x) * D[AppellF[a, Subscript[b, 1], Subscript[b, 2], \[Gammal, x, y], {x
:,2}] + y*(1-x) * D[AppellF[a, Subscript[b, 1], Subscript[b, 2], \[Gammal, x,

. y1, x, y]1 + (c - (a+Subscript[b, 1]+1)*x) * D[AppellF[a, Subscriptl[b, 1],

' Subscript[b, 2], \[Gammal, x, y], x] - Subscript[b,1] * y * D[AppellF[a,

. Subscript[b, 1], Subscript[b, 2], \[Gammal, x, y], y] - a*Subscript[b,1]*
| AppellF[a, Subscript[b, 11, Subscript[b, 21, \[Gammal, x, y] ==

Maple
Translations Reason for Failure
Semantic | 5 Definition / ! Pattern ' Derivatives/ ' Missing !
BIX | CAS Substitution Matching:  Primes . Information; Untranslatable
7777777 X X - 3 : 3 -

Explanation We cannot match hidden arguments of Appell’s F} function.
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66: Theta function
of a lattice

ETEX \Theta_\Lambda(\tau) = \sum_{x\in\Lambda}e~{i\pi\tau\|x\|"2}\qquad\mathrm{Im
w}\ \tau > 0

Semantic ! ' \Theta_\Lambda(\tau) = \sum_{x\in\Lambda} \expe {\iunit \cpi \tau \lx \[|~2} \
ETEX ' qquad \imagpart \tau > O

Maple
Translations Reason for Failure
Semantic | :Deﬁnition /' Pattern ‘Derivatives /! Missing !
KEIEX 3 CAS. Substltutlon . Matching . Primes . Information: Untranslatable

d2? 12— aj
Formula ! ! 67: Heine—Stieltjes polynomials
| V(Z)
1 TaN =0
: j=1 ( CL]')

KIEX | Mrac{d™2 s}Hdz 2 +\left (\sum _{j=1}"N \frac{\gamma j}{z - a_j} \right) \
\frac{ds}{dz} + \frac{V(z){\prod _{j=1}"N (z - a_j)}s =

Semantic ; \deriv [2]1{S}{z} +(\sum_{j=1}"N \frac{\gamma _j}{z - a_j}) \deriv[1{S}{z} + \
BIEX ' frac{V(z) }{\prod _{j=1}"N (z - a_j)} S =

Mathematica
Maple !
Translations Reason for Failure
Semantic ; Definition /! Pattern ! Derivatives /! Missing
KTEX ' CAS ! Substitution: Matching |  Primes . Information: Untranslatable
x T R
. Mistakenly detected Stieltjes constant.
Explanation .

' There is no translation available for Heine-Stieltjes polynomials.
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64

‘ 68: Stieltjes—
| = k=172 exp(—k2 1og? .
Formula  w(z) W exp(—k°log” z) Wigert polynomials

Mathematicaiw[x_] := Divide[k,Sqrt[Pill*(x)~ (- 1/2)* Exp[- (k)" (2)* (Loglx])~(2)]

Mapleiw = (x) -> (k) /(sqrt(Pi))*(x) (- 1/2)* exp(- (k)~(2)* (log(x))~(2))

Translations Reason for Failure
Semantic | Definition / ! Pattern ! Derivatives/! Missing !
15302)¢ CAS | Substitution . Matching:  Primes . Information. Untranslatable
v X - -y e -
Explanation ' Unable to detect equation as a definition.
Formula ' y? = z(z — 1)(z — \) 69: Modular lambda function
KIEX Ly 2=x(x-1) (x-\1lambda)
Semantic 3 y~2=x(x-1) (x-\1ambda)
BIEX
Mathematicai (y)7(2) == x*(x - D*(x - \[Lambda])
Maple ‘ (17°(2) = x+(x - D*(x - lambda)
Translations Reason for Failure
Semantic ! iDeﬁnition/ ' Pattern |Derivatives /! Missing !
ETEX ' CAS|Substitution: Matching: Primes :Information: Untranslatable
v _v.o- - e :
Explanation —
1 )\)
P (z;6) = 2(A cos
Formula ! (2:9) ( ¢ 70: Meixner—Pollaczek polynomials

1 + x8in @)

ETEX 3 P_1"{(\lambda) } (x;\phi)=2(\lambda\cos\phi + x\sin\phi)

Semantic 3 \MeixnerPollaczekpolyP{\lambda}{1}@{x}{\phi} = 2(\lambda \cos \phi + x \sin \

ETEX phi)
Mathematical
”””” Maple!
Translations Reason for Failure
Semantic ! ; Definition / ! Pattern !Derivatives/' Missing !
KIEX 3 CAS 3 Substitution 3 Matching 3 Primes 3 Information 3 Untranslatable

Explanation } Meixner-Pollaczek polynomials are not supported by Mathematica.
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(a4 1), §
n! 71: Jacobi polynomials
o Fy (—n,1+a+ﬁ—|—n;a+1;%(1—z)>

ETEX P_n"{(\alpha,\beta)} (z)=\frac{(\alpha+1) n}{n!}\,{}_2F_1\left(-n,1+\alpha+\
| beta+n;\alpha+1;\tfrac{1}{2}(1-z)\right)

Semantic 3 \JacobipolyP{\alpha}{\beta}{n}@{z} = \frac{\Pochhammersym{\alpha + 1}{n}}{n!}
ETEX: \genhyperF{2}{1}@{- n , 1 + \alpha + \beta + n}{\alpha + 1}{\tfrac{1}{2}(1 -
L 2)}

Mathematica 3 JacobiP[n, \[Alphal], \[Betal, z] == Divide[Pochhammer [\ [Alphal+ 1, n],(n)!]*
. HypergeometricPFQ[{- n , 1 + \[Alphal+ \[Betal+ n}, {\[Alphal+ 1}, Divide
' [1,21%(1 - 2)]

Maple}JacobiP(n, alpha, beta, z) = (pochhammer(alpha + 1, n))/(factorial(n))x*
‘hypergeom([- n , 1 + alpha + beta + n], [alpha + 1], (1)/(2)*(1 - z))

Translations ‘ Reason for Failure
Semantic | 3 Definition / ! Pattern ! Derivatives/ ' Missing !
KTEX ' CAS | Substitution : Matching | Primes . Information . Untranslatable
v v oo : - -
Explanation —

| Sn($2§ a,b,c) =3F>(—n,a +ir,a — iz; 72: Continuous dual

Formula' )
‘ a+b,a+cl). Hahn polynomials

Semantic 3 \contdualHahnpolyS{n}@{x"2}{a}{b}{c} = \genhyperF{3}{2}@{- n , a + \iunit x ,
ETEX & - \wnit xHa + b, a + cH1}

Mathematica
Maplef
Translations Reason for Failure
Semantic ! 3 Definition / | Pattern ! Derivatives/ ' Missing |
EIEX CAS | Substitution . Matching . Primes . Information . Untranslatable
v - - e - -

Explanation 3 Continuous dual Hahn polynomials are not supported by Mathematica.
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66

plof) = lim t™ " pn ( xt; (o +1—it),
73: Continuous

Formulai %(5 +1+it), gla+1+it), Hahn polynomials

ETEX 3 P_n"{(\alpha,\beta) }=\1lim_{t\to\infty}t~{-n}p_n\left (\tfraci2xt; \tfrac12(\
i alpha+1-it), \tfraci2(\beta+i+it), \tfraci2(\alpha+i+it), \tfraci2(\beta+1i-
'it)\right)

Semantic 3 \JacobipolyP{\alpha}{\beta}{n}@{x} = \lim_{t\to\infty} t~{-n} \contHahnpolyp{
BIRX n}e{\tfrac12 xt}{\tfraci2(\alpha + 1 - \iunit t)}{\tfrac1i2(\beta + 1 + \
"iunit t)}{\tfraci2(\alpha + 1 + \iunit t)}{\tfraci2(\beta + 1 - \iunit t)}

Mathematica | JacobiP[n, \[Alphal, \[Betal, x] == Limit[(t)~(- n)* I”(n)*Divide[Pochhammer
| [Divide[1,21%(\ [Alphal+ 1 - I*t) + Divide[1,2]*(\[Alphal+ 1 + Ixt), n]*
 Pochhammer [Divide[1,2]*(\[Alpha]+ 1 - I*t) + Divide[1,2]*(\[Betal+ 1 - Ixt),

' nl, (n)!] * HypergeometricPFQ[{-(n), n + 2+Re[Divide[1,2]*(\[Alphal+ 1 - I
t) + Divide[1,2]*(\[Betal+ 1 + I*t)] - 1, Divide[1,2]*(\[Alphal+ 1 - Ixt) +
:I*(Divide[l 2] *x*t)}, {Divide[1,2]1*(\[Alphal+ 1 - Ixt) + Divide[1,2]*(\[

Alphal+ 1 + I*t), Divide[1,2]*(\[Alphal+ 1 - Ixt) + Divide[1,2]*(\[Betal+ 1 -
DIk}, 11, t -> Infinity]
I

Maple
Translations ‘ Reason for Failure
Semantic | : Definition /!  Pattern ' Derivatives/! Missing
KX ECAS Substltutlon‘ Matching . Primes . Information. Untranslatable
x kT T | :
Explanation 'Hidden arguments caused matching issues
b—1
S w9 (s, a,D)w (s, a,b)
Formula ' s=a 74: Dual Hahn polynomials
! 1
p(s)[Az(s — 5)] = Oumd,

BTEX \sum~{b-1}_{s=a}w_n"{(c)}(s,a,b)w_m"{(c)}(s,a,b)\rho(s) [\Delta x(s-\frac
‘{1}{2}) ]1=\delta_{nm}d_n"2

Semantic ; \sum_{s=a}"{b-1} \dualHahnpolyR{n}@{c}{s}{a}{b} \dualHahnpolyR{m}@{c}{s}{a}{
ETEX:b} \rho(s) [\Delta x(s - \frac{1}{2})] = \delta_{nm} d_n"2

Mathematica
Maple |
Translations Reason for Failure
Semantic | I Definition /!  Pattern !Derivatives/! Missing
BEIEX 3 CAS ! Substitution: Matching . Primes . Information: Untranslatable

' Non-standard notation for dual Hahn polynomials.
Explanation . ' The DLMF uses R. Further, dual Hahn polynomials
rare not supported by Mathematica.
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pn(z;0,b,clq) —a e (abe*™, ac, ad; q)r
Formula | 1P (g7, 75: Continuous
! abedg™ ™, ae’ 20 q-Hahn polynomials

ae”: abe*™  ac, ad; q; q)
LAsTEX i p_n(x;a,b,clg)=a”{-n}re {-inu}(abe~{2iu},ac,ad;q) _n*_4\Phi_3(q~{-n},abcdq™{n
1 -1},ae~{i{(t+2u)}},ae"{-it};abe"{2iu},ac,ad;q;q)

Semanticip_n(x ; a, b, clg) = a"{-n} \expe {-\iunit nu} \gmultiPochhammersym{ab\
ETEX}expeA{Q\iunit u} , ac , ad}{q}{n} * \ggenhyperphi{4}{3}e{q"{-n} , abcdq {n-1}

, a\expe {\iunit{(t+2w)}} , a\expe”{-\iunit t}}{ab\expe”{2\iunit u} , ac ,

Mathematicaip[n_, x_, a_, b_, c_, q_1 := (a)"(- n)* Exp[- I*\[Null*Product[QPochhammer [
| Part [{a*b*Exp[2+I+u], a*c , a*d},il,q,n],{i,1,Length[{arbsExp[2+I*ul, a*c ,
raxd}]}]* QHypergeometricPFQ[{(q)~ (- n), a*b*cxd*x(q)~(n - 1), a*Exp[I*(t + 2%
‘)], a*Expl[- Ixt]},{a*b*Exp[2#I*ul, a*c , a*d},q,q]

Maple !
Translations Reason for Failure
Semantic | ‘ Definition / ! Pattern ! Derivatives/ ! Missing
KTEX ' CAS | Substitution : Matching ; Primes . Information . Untranslatable
X X | | : - -
. 3 Erroneous notation in Wikipedia. The asterix * had an
Explanation o
'index *4 which is supposed to be part of 4®3.
! ab, ac;
pn(z50,b,¢ | q) = 7( 106 @ 76: Continuous dual
Formula ! a”

g-Hahn polynomials

ETEX ' p_n(x;a,b,c\mid q)=\frac{(ab,ac;q)_n}{a"n}\cdot {_3\Phi_2}(q~-n,ae"{i\thetal},
iae“{—i\theta}; ab, ac \mid q;q)

Semanticip_n(x ; a, b, c \mid q) = \frac{\gmultiPochhammersym{ab , ac}{q}{n}}{a"n} \
ETEX . cdot \qgenhyperphi{3}{2}e{q"{- n} , a\expe~{\iunit \thetal} , a\expe~{- \
'iunit \theta}}{ab , acrHqHq}

Mathematicaip[n_, X_, a_, b_, c¢_, q_] := Divide[Product[QPochhammer [Part[{a*b , a*c},i],
1q,n],{i,1,Length[{a*b , axc}]}],(a)"(n)] * QHypergeometricPFQ[{(q) (- n), a*
'Exp[I*\[Thetall, a*Exp[- I*\[Thetall},{a*b , a*c},q,ql

Maple
Translations Reason for Failure
Semantic : EDeﬁnition/} Pattern |  Derivatives/ | Missing !
BIEX | CAS, Substitution; Matching; _ Primes  Information, Untranslatable.
******* S L A NP S S

. BCaT is unable to parse a subscript without base _3. Additionally, the
Explanation . AL s L L
' formula is wrong in Wikipedia because of missing curly brackets in: 9" -n.
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68

gn abg"+1 =z 77: Q-Hahn

Formula; Qn(2;a,b0,N;q) = 3¢2 Ly e polynomials

BIEX | Qn(x;a,b,N;q)=\; _{3}\phi_2\left[\begin{matrix} q"-n & abq™n+l & x \\ aq & q
' “-N \end{matrix} ; d4,9q \right]

Semantic 3 \gHahnpolyQ{n}@{x}{a}{b}{N}{q} = \ggenhyperphi{3}{2}@{q"-n , abgq™n+1 , x}{aq
ETEXJ , 9" -NHqHq}

Mathematica | Qn_, x_, a_, b_, N_, q_] := QHypergeometricPFQ[{(q@)~(-)* n , a*b*(q) (n)+ 1
', x},{axq , (@)~ (=)* N},q,q]

Maple !
Translations ‘ Reason for Failure
Semantic | 3 Definition / ! Pattern ! Derivatives/, Missing !
BIEX | CAS| Substitution; Matching; _ Primes Information,  Untranslatable
X X I R :
Explanation Unable to detect ()-Hahn polynomials in the context
Formula' 2 = 78: Al-Salam-Chihara polynomials
KIg : x=
77777 Semantic |x-\cosof\theta}
EIEX
Mathematica 'x = CosI\[Thetall
77777777 Maple x = cosnery
Translations Reason for Failure
Semantic | I Definition / ! Pattern 'Derivatives/! Missing '
KIEX 3 CAS 3 Substitution 3 Matching 3 Primes 3 Information 3 Untranslatable
- S R S S
Explanation : Wrong math detection because cos was

. given in plain text: "x" = cos(f).
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79: Orthogonal polynomials
on the unit circle

Mathematica : \[CapitalPhi]\[Primal[n_, z_] := z n*Conjugate[\[CapitalPhi] [n, Dividel[1,

,,,,,,,,,,,,,, Comjugate[=1I)

Maple |

Translations Reason for Failure
Semantic | ‘ Definition / ! Pattern ' Derivatives/! Missing !
EIEX 3 CAS | Substitution : Matching:  Primes . Information .  Untranslatable
X X - I -
. 1A bug in BCaAST prevented us to detect the nested overline

Explanation .

'as conjugation. Further, its an undetected definition.

mo mq mo te mpy

mi ma ms3 o Mp4d
80: Orthogonal
polynomials

c_n \, \det \begin{bmatrix}m_0 & m_1 & m_2 &\cdots & m_n \\m_1 & m
12 & m_3 &\cdots & m_{n+1} \\&&\vdots&& \vdots \\m_{n-1} &m_n& m_{n+1} &\
| cdots &m_{2n-13}\\1 & x & x"2 & \cdots & x"n\end{bmatrix}

g
=
a8
[}
=]
g
]

Senlanticip_n(x) = c_n \det \begin{bmatrix}m_0 & m_1 & m_2 &\cdots & m_n \\m_1 & m_2 &
EQI?(J m_3 &\cdots & m_{n+1} \\&&\vdots&& \vdots \\m_{n-1} &m_n& m_{n+1} &\cdots &
:m_{2n-1}\\1 & x & x°2 & \cdots & x"n\end{bmatrix}

Mathematica 3
Maple !
Translations Reason for Failure
Semantic | 3 Definition / ! Pattern ! Derivatives /! Missing
KIEX :

CAS | Substitution : Matching .  Primes . Information .  Untranslatable

Explanation ‘ Indefinite number of arguments cannot be translated.
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Formulaipn(x; a,b;q) = 201(¢" ", abg" 81: Little q-Jacobi
: aq; 4, q) polynomials

Semantic | \littleqJacobipolyp{n}@{x}{a}{b}{q} = \ggenhyperphi{2}{1}e{q"{-n} , abg~{n
ETEX 3 +1}Haqr{qHxq}

Mathematica ' pln_, x_, a_, b_, q_1 := QHypergeometricPFQ[{(q)~(- n), a*b*x(q)~(n + 1)},{a*

,,,,,,,,,,,,,, ahad
Maple |
Translations Reason for Failure
Semantic | Definition / ! Pattern ' Derivatives/! Missing !
15302),¢ CAS ! Substitution . Matching:  Primes . Information. Untranslatable
v X B R
Explanation 'No translation possible for little g-Jacobi polynomials.
Po(z50,b,¢5q)
Formula; = 3¢2(q ", abg"*, x; 82: Big q-Jacobi polynomials
. aq,¢4;4,q)

BTEX 3 \displaystyle P_n(x;a,b,c;q)={}_3\phi_2(q"{-n},abq"{n+1},x;aq,cq;q,q)

Semantic \biggJacobipolyP{n}@{x}{a}{b}{c}{q} = \ggenhyperphi{3}{2}e{q {-n} , abq {n+1}
BIEX ' > xHaq , caHqHa}

Mathematica | pln_, x_, a_, b_, c_, q_] := QHypergeometricPFQ[{(q)~(- n), a*b*(q)~(n + 1),
. x},{a*q , c*q},q,q]

Maple !
Translations Reason for Failure
Semantic ! ; Definition / ! Pattern ! Derivatives/! Missing !
KIEX ' CAS!Substitution: Matching: Primes Information: Untranslatable
v X T

Explanation No translation possible for big g-Jacobi polynomials.
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iPn(a:'abq): .
Formula ' T (b=l xq=";q,n) 83: Big q—Lagugrre
| - - .z polynomials
! xo @1 (¢ ", aqx™"; aqlq; g)
BTEX | P_n(x;a,b;q)=\frac{1}{ (b"{-1}+q"{-n};q,n) b*_2\Phi_1(q"{-n},aqx"{-1};aqlq;\
\ frac{x}{b})

Semantic : P_n(x;a,b;q) =\frac{1}{\gqmultiPochhammersym{b~{-1}*q {-n}}{q}{n}} * \
ETEX ' ggenhyperphi{2}{1}e{q~{-n},aqx"{-1}}{ag}t{q}{\frac{x}{b}}

Mathematica 3 Pln_, x_, a_, b_, q_] := Divide[1,Product[QPochhammer [Part[{(b)~(- 1)* (q)~(-
n)},il,q,nl,{i,1,Length[{(b)~ (- 1)* (q)~(- n)}1}]11* QHypergeometricPFQ[{(q)

Maple
Translations Reason for Failure
Semantic | Definition / ! Pattern ! Derivatives/ ' Missing
EIEX CAS ! Substitution : Matching . Primes . Information . Untranslatable
X  ix: - | - - -
Explanation Invalid notation in which the asterix * has an index *-.

Kn(Mx)ie, Ng) =3 ®2(g " q % eq™; 84: Dual

Formula | N houk pol )
! q ,0lq;q) q-Krawtchouk polynomials

Semantic 3 K_n(\lambda(x);c,N|q) = \qgenhyperphi{3}{2}@{q~{-n},q {-x},cq {x-N}}{q {-N
BIEX 1 0HaHat

Mathematica
Maple !
Translations Reason for Failure
Semantic ! ; Definition / ! Pattern ! Derivatives/ ! Missing
BIEX 3 CAS | Substitution : Matching . Primes . Information . Untranslatable
X - - f - R -

Explanation Similar to 83: the equal sign has an index =s.
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72

Semantic 3 P_{n}~{(\alpha)}(xlq) = \frac{\gmultiPochhammersym{q~\alpha+1}{q}{n}}{\
Eﬂ}@(1qPochhammer{q}{q}{n}} \ggenhyperphi{3}{2}@{q~{-n},q {\alpha/2+1/4}\expe~{\
'iunit\theta},q {\alpha/2+1/4}*\expe”{-\iunit\theta}}{q {\alpha+1},0}{q}{q}

AdathernaiicaiP[n_, \[Alphal_, x_, q_] := Divide[Product[QPochhammer [Part[{(q) \[Alphal+
'1},i1,q,n],{i,1,Length[{(q) "\ [Alphal+ 1}]1}],QPochhammer[q, q, nll*
EQHypergeometricPFQ [{(@)"(- n), (@)~ (\[Alphal/2 + 1/4)* Exp[I*\[Thetall, (q)
' ~(\[Alphal/2 + 1/4)% Exp[- I*\[Thetall},{(q)~(\[Alphal+ 1), 0},q,q]

Maple !
Translations ‘ Reason for Failure
Semantic | 3 Definition / ! Pattern ! Derivatives/, Missing !
BIEX | CAS| Substitution, Matching, _Primes Information; ~_Untranslatable
7777777 X X 3 R -

pu(z;alg) = 2¢01(¢7", 0; aq; ¢, )

1 86: Little
1 (a=tq™; q)n g-Laguerre polynomials
3 200(¢™", 27559, 2/a)

ETEX 3 \displaystyle p_n(x;alq) = {}_2\phi_1(q"{-n},0;aq;q9,9x) = \frac{i}{(a"{-1}q
. “{-n};q) _n}{3}_2\phi_0(q~{-n},x"{-1};;q,x/a)

Semantic ' p_.n(x ; alq) = \ggenhyperphi{2}{1}e{q~{-n} , O0}{aq}{q}{ax} = \frac{i}{\
Eq&@(:qmultiPochhammersym{aA{—l} q"{-n}}{q}{n}} \ggenhyperphi{2}{0}e{q~{-n} , x
=133 gHx/a}

Mathematica :p[n_, x_, a_, q_] := QHypergeometricPFQ[{(q)~(- n), 0},{a*q},q,q*x] ==
3Divide[1,Product[QPochhammer[Part[{(a)‘(- * (@~ (- n)},il,q,n],{i,1,Length
@7 (- 1)* (@~ (- n)}]}1*QHypergeometricPFQ[{(q)~ (- n), (x)~(- 1D},{},q,x

,,,,,,,,,,,,,, A
Maple
Translations Reason for Failure
Semantic | Definition / | Pattern ! Derivatives/, Missing !
EIEX CAS  Substitution : Matching .  Primes . Information. Untranslatable

Explanation ' We cannot match empty arguments yet (remains a bug).
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1 —N n

ETEX 3 y_{n}(x;a;9)=\;_{2}\phi_1 \left(\begin{matrix} q~{-N} & -agq~{n} \\ 0 \end{
‘matrix} ; q,9x \right)

Semanticiy_{n}(X;a;q) = \ggenhyperphi{2}{1}e{q~{-N} , -aq~{n}}{0}{q}{qx}

Maple !
Translations Reason for Failure
Semantic | Definition / ! Pattern ! Derivatives /' Missing
BIEX |CAS Substitution Matching; _ Primes ; Information,  Untranslatable
7777777 X X! 1 S :
Explanation Again, the equal sign has an index =».
Formula ' hy, (iz; ¢~') = i"hp (23 ) 88: Discrete q-Hermite polynomials

Semantic 3 \discqHermitepolyhI{n}@{\iunit x}{q"{-1}} = \iunit"n \discqHermitepolyhII{n}
BIpEX » otxHa}

Mathematica ;
Maple
Translations Reason for Failure
Semantic ! 3 Definition / | Pattern ! Derivatives /! Missing
KIEX ' CAS|Substitution: Matching:  Primes Information: Untranslatable

3 We correctly identified \discqHermitepolyhI but were
Explanation : unable to distinguish it from \discqHermitepolyhII in the
'right-hand side. Neither of them were translatable though.
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2.
P.(z;a|q) g neine L 1dn

Formula (5 9)n 89: Q-Meixner—
3 3P2(q 1, G€Z(9+2¢), ae_w; Pollaczek polynomials
3 a®,0 | ¢;q)

ETEX 3 P_{n}(x;a\mid q) = a~{-n} e~ {in\phi} \frac{a"2;q_n}{(q;q)_n} {_3}\Phi_2(q"-n,
' ae”{i(\theta+2\phi)}, ae~{-i\theta}; a”2, 0 \mid q; q)

Semantic : P_{n}(x ; a \mid q) = a~{-n} \expe~{\iunit n\phi} \frac{\gmultiPochhammersym{
ETEX 3 a~2}{q}{n}}{\gmultiPochhammersym{q}{q}{n}} \ggenhyperphi{3}{2}@{q"™- n , a\
, expe”{\iunit (\theta + 2 \phi)} , a\expe”{- \iunit \theta}}{a"2, 0}{q}{q}

Mathematica  Pn_, x_, a_, q_]1 := (a)~(- n)* Exp[I*n*\[Phil]*Divide [Product [QPochhammer [
3 Part[{(a)"(2)},i],q,n],{i,1,Length[{(a)~(2)}]1}],Product [QPochhammer [Part [{q},
. il,q,n],{i,1,Length[{q}] }]]1*QHypergeometricPFQ[{(q) " (-)* n , a*Exp[Ix(\[
| Thetal+ 2%\ [Phil)] , axExp[- I*\[Thetalll},{(a)"(2), 0},q,ql

Maple !
Translations Reason for Failure
Semantic | 3 Definition / ! Pattern ! Derivatives/ | Missing !
EIEX CAS | Substitution . Matching . Primes . Information . Untranslatable
A A R S

: a+l1. ) 90: Q-Laguerre
Formula: L@ () = 5D 0 nakt o ontatl Pag
ormuia; Ly, (x5 q) (@ Dn ¢1(a7" 4" 0, —q z) polynomials

]ATEX 3 \displaystyle L_n"{(\alpha)}(x;q) = \frac{(q"{\alpha+1};q)_n}{(q;q)_n} {}_1\
yphi_1(q"{-n};q"{\alpha+1};q,-q {n+\alpha+1}x)

Semantic ' \qLaguerrepolyL{\alpha}{n}@e{x}{q} = \frac{\gmultiPochhammersym{q~{\alpha+1}}{
E‘TEX 3 gt{n}}{\gmultiPochhammersym{q}{q}{n}} \ggenhyperphi{1}{1}@{q~{-n}}{q {\alpha
, +1}3{q}{- q {n+\alpha+1} x}

Mathematica : LIn_, \[Alphal_, x_, q_] := Divide[Product[QPochhammer [Part[{(q)~(\[Alphal+
3 1)},i],q,n],{i,1,Length[{(q) ~(\[Alphal+ 1)}]13}],Product [QPochhammer [Part[{q},
1il,q,n],{i,1,Length[{q}]1}]11*QHypergeometricPFQ[{(q) " (- n)},{(q) " (\[Alphal+

Maple !
Translations Reason for Failure
Semantic | 3 Definition / ! Pattern ! Derivatives/ | Missing !
EIEX ‘ CAS | Substitution . Matching .  Primes . Information . Untranslatable
v X A

Explanation (2-Laguerre polynomials are not supported in Mathematica.
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1 91: Continuous

)@ = (te' te=1%q) q-Hermite polynomials

KTEX \sum_{n=0}"\infty H_n(x \mid q) \frac{t"n}{(q;q@)_n} = \frac{i}{\left( t e {i
\ \theta},t e~{-i \theta};q \right)_\infty}

Semantic 3 \sum_{n=0}"\infty \contqHermitepolyH{n}@{x}{q} \frac{t n}{\
IATEX . qmultiPochhammersym{q}{q}{n}} = \frac{1}{\gmultiPochhammersym{t \expe {\

Mathematica 3
Maple !
Translations Reason for Failure
Semantic | 3 Definition / ! Pattern ! Derivatives/ | Missing !
KTEX ' CAS| Substitution : Matching ; Primes . Information . Untranslatable
R N R R
Explanation 3 Mistakenly detect Hermite polynomial but it should

. have been continuous ¢-Hermite polynomial.

Formula ' w” + & sin(2z)w’ + (n — p€ cos(22))w = 0. 92: Ince equation

IATEX rw{\prime\prime}+\xi\sin(2z)w {\prime}+(\eta-p\xi\cos(2z))w=0.

KIEX
Mathematica : DIwlz]l, {z, 23] + \[Xil*Sin[2#z]*D[w[z], {z, 1}] + (\[Etal-p*\[Xil*Cos[2*z])
,,,,,,,,,,,,,, e el
Maple ‘
Translations Reason for Failure
Semantic ! iDeﬁnition/} Pattern | Derivatives/ ! Missing !
BIEX 3 CAS ! Substitution : Matching . Primes . Information . Untranslatable
v X - - : : -

Explanation ODEs cannot be translated yet.
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( ) (H—J)“/Q F(v+1,—v;1—p;1/2—2/x) 93: Ferrers
1= F(1=p) function

ETEX 3 Q_v \mu(x)= \cos(\mu\pi)\left (\frac{i+x}{1-xF\right) "{\mu/2}\frac{F(v+1,-v
©31-\mu;1/2-2/x)} {\Gamma(i-\mu ) }

Semantic ' \FerrersQ[\mu] {v}e{x} = \cos(\mu \cpi) (\frac{1+x}{1-x}) "{\mu/2} \frac{\
KEIEX hyperFe{v+1}{-v}{1-\mu}{1/2-2/x}}{\EulerGamma@{1-\mu}}

Mathematica ' LegendreQlv, \[Mul, x] == Cos[(\[Mul#Pi)1*(Divide[t + x,1 - x1)~(\[Mul/2)*
'Divide [Hypergeometric2Fi[v + 1, - v, 1 - \[Mul, 1/2 - 2/x],Gamma[1 - \[Mull]

MapleiLegendreQ(v, mu, x) = cos((muxPi))*((1 + x)/(1 - %))~ (mu/2)*(hypergeom([v +
1, - vl, [1-mul, 1/2 - 2/x))/(GAMMA(1 - mu))

Translations Reason for Failure

Semantic ' Definition /|  Pattern | Derivatives/; Missing

BTEX ' CAS.Substitution: Matching : Primes Information: Untranslatable
X X - - : -
. 1 No information about the Gamma
Explanation ) . ]
+ and hypergeometric functions in the context.
Formula ! H(_lg(z, w) = e”qugl)(z, w) 94: Incomplete Bessel functions
BEX 1B A-v} {0} (z,w=e"{v\pi iH_v"{(1)}(z,w)
Semantic}H_{—v}‘{<1)}(z,w) = \expe~{v \cpi \iunit} H_v"{(1)}(z , w)
BTEX
Mathematica ‘
Maple :
Translations Reason for Failure
Semantic | 3 Definition /! Pattern ! Derivatives/! Missing !
EIEX ECAS | Substitution: Matching . Primes . Information. Untranslatable
- . - - - |
Explanation ' No information about H. (,13 (z,w) in the context.
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o—t—4% 95: Incomplete Bessel K function/
generalized incomplete gamma function

Maple !
Translations Reason for Failure
Semantic | 3 Definition / | Pattern ! Derivatives/! Missing !
EIEX CAS  Substitution : Matching .  Primes . Information. Untranslatable

Explanation ' Unable to detect equation as a definition.
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